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 In this study, fault trace-lengths of normal faults are measured in southern Sedna 
Planitia, Venus between 27° to 32° latitude and 336° to 343° longitude where smooth, 
lowland plains transition into highland regions which are broken by basin and range style 
tectonics. The fault trace-lengths are plotted on a cumulative number verses length plot 
(CNL) and fit with a power function, exponential function, and logarithmic function to 
determine which function best describes the trace-length distribution..  
 A power function is the best fit with a scaling exponent of 1.73. This result is 
compared to previous studies of fault trace-lengths on Venus, Mars, and Earth where 
fault trace-lengths have been fit by power functions on CNL plots. The scaling exponent 
found in this study is closest to the scaling exponent found in the Gulf of Corinth, Greece. 
Fault density is the same across the study area. The normal faults in the study area show a 
small amount of strain and interaction within the fault system as part of a growth regime. 
This helps to separate it from previous studies on Venus and explain the tectonic 
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1.  Introduction 
 When a photo of a geologic object is taken, something of known scale needs to be 
included to determine the size. This has become a well-understood concept (Turcotte, 1997), in 
that references or scales are widely used to prevent misinterpretations of size and distance.  
When the geologic object in the photo does not change with size over many orders of magnitude 
there is scale invariance, where statistically the pattern becomes independent of the scale of 
observation. Scale invariance arises only from power function scaling behavior and has become 
an important concept in the earth sciences. Power function scaling behavior has been 
demonstrated in natural phenomena such as the time series of volcanic eruptions, the temporal 
pattern of reversals in the Earth’s magnetic field, the intensity, duration, and number of solar 
flares, the number of and area covered by wildfires, the size of landslides and avalanches, 
earthquake magnitudes, the spatial pattern of earthquake epicenters, and the time interval 
between earthquakes (Turcotte, 1997; Crosby, 2011).  
 Fault features including earthquake magnitudes, earthquakes hypocenters, 
displacement, gouge particle size distribution, the geometrical structure of faults, and surface 
trace lengths of normal and strike-slip faults all exhibit scaling behavior (Sammis and Biegel, 
1989; Ben-Zion and Sammis, 2003; Scholz, 2002). The scaling of fault trace-lengths is 
fundamental to the understanding of crustal displacement and deformation, fault strain, fault 
systems, rupture mechanics, and spatial distributions that can describe the fluid flow in 
hydrocarbon reservoirs or the strain load before earthquakes (Torabi & Berg, 2011; Stoyan & 
Gloaguen, 2011; Schultz, Okubo, & Wilkins, 2006). 
 In this study, the fault trace-length of a fault exposed at the surface of a planet is 
the shortest exposed horizontal or sub-horizontal length between its two endpoints. Studies of 
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fault trace-lengths at the surface of the Earth usually include field work on the surface and/or 
geophysical subsurface surveys of faults at depth, but on Venus and Mars, spectral mapping of 
the planet’s surface is often band limited, which means a returned image may not show the full 
range of information possible (Sabins, 2007). Synthetic Aperture Radar (SAR) images used in 
this study have a much greater dynamic range of information (C. Scholz, personal 
communication, 2012). With little or no weathering on those planets, the fault trace data sets 
derived from these images can be considerably better than those from Earth (Schultz, Okubo, & 
Wilkins, 2006) because the faults are clearly delineated. The clear delineation subsequently 
permits more complete sampling and therefore scaling functions are more accurately determined 
(Scholz, 1997). These are motivations for conducting a study of the scaling functions of normal 
fault trace-lengths on other planets.  
 Recent findings after planetary missions to the planet of Venus have proven that 
the current surface of Venus was formed over the last one billion years; dominantly by volcanic 
activity and subsequent normal faulting (McGill, Stofan, & Smrekar, 2010; Lopez, Lillo, & 
Hansen, 2008; Scholz, 1997).  Power function scaling of the fault trace-lengths from normal 
faulting has been observed on Venus, Scholz, 1997, who notes that Venus fault trace-length data 
sets are about an order of magnitude greater than any data sets collected on Earth. Fault trace-
length data, plotted on Cumulative Number verses Length (CNL) plots and then fitted with 
power functions, has been used to describe the Venusian crust (Beach, 2005).  Smaller two-
dimensional faults and larger one-dimensional faults display different scaling exponents that 
provide a basis for calculation of the depth to the lithosphere (Beach, 2005).  Comparison of the 
fault trace-length scaling functions with those found on Earth and Mars may help to better 
understand the Venusian crust. 
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2.  Previous Work 
Number versus length (NL) or cumulative number verses length (CNL) plots and their 
associated scaling functions for  fault trace-lengths have been published for eight locations on 
Earth, (Clark, Cox, & Laslett, 1999; Gloaguen, Marpu, & Niemeyer, 2007; Stoyan & Gloaguen, 
2011; Zygouri et al., 2008; Poulimenos, G., 2000), two locations on Mars, (Schultz & Fori, 1996; 
Vallianatos & Sammonds, 2011), and two locations on Venus , (Scholz, C., 1997; Beach, 2005). 
Only the studies of Stoyan & Gloaguen, 2011, and Scholz, 1997 use the NL plot (Appendix 2, 
Figure 2) for fault trace-lengths. There are also some slightly different plot types. The Fuller-
Pareto plot type (Appendix 2, Figure 3) used by Clark, Cox, & Laslett, 1999, is very similar to 
the NL plot (Newman, 2005), while the Cumulative Distribution Function plot used by 
Vallianatos & Sammonds, 2011, is a non-extensive statistics derivative of the CNL plot. Lastly, 
Stoyan & Gloaguen, 2011, use the Weibull function (Appendix 2, Figure 3) to fit fault trace-
length data on an NL plot which is compared to the power function. A summary of the findings 
of the previous studies is contained in Table 1. 
Scholz, 1997, collected approximately 1700 normal fault trace-lengths from a Magellan 
Synthetic Aperture Radar (SAR) image about 100 km across, centered at 31N332 on Venus 
(Figure 2).  Analysis of those fault trace-lengths was performed by plotting the data on a NL and 
the best fit function was a power function with a scaling exponent of -2.  Schultz and Fori, 1996, 
conducted a study of normal faults bounding grabens at Valles Marineris, Mars. They identified 
three sets of faults based on strike. Three data sets of normal fault trace-lengths were each 
analyzed using a CNL and the three distributions of trace-lengths were each fit with a power 
function, all with scaling exponents of -2.  
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Beach, 2005, collected another data set on Venus, a study site approximately 840 x 540 
km in area, containing the area studied by Scholz, 1997, (Figure 2). A total of 6937 fault traces 
were collected and a CNL plot showed two power function fits. The scaling exponent for fault 
trace-lengths from 10 km to 80 km was less than 1. The scaling exponent for fault trace-lengths 
from 80 km to 115 km was greater than 1.  Beach interpreted the length of 80 kilometers at 
which the scaling exponents changed to be a transition length point where the faults begin to 
penetrate the lithosphere. Based on work by Spyropoulos, Scholz, & Shaw, 2002, the first faults 
that penetrate the lithosphere have a surface length twice their height. Because the fault trace-
length data set and scaling functions show a break at 80km, Beach concluded that the thickness 
of the lithosphere is approximately 40 km thick below the study area.  
Spyropoulos, Scholz, & Shaw, 2002, employed a model that mimicked the faulting of a 
planets crust. Specifically, the model related the evolution of fault trace-length distributions to 
the strain.  Of note for this study, the strain and stress interactions of the model were noted to 
most closely resemble normal faulting systems. Based on the model, normal faulting can be 
characterized into four regimes as a function of strain, each distinguished by certain fault trace-
length distributions. The growth regime, when faults have passed through initial nucleation and 
begin to grow, displays a fault trace-length distribution with power scaling. From this, 
Spyropoulos, Scholz, & Shaw, 2002 were able to show that fault trace-length vs. number 
distributions exhibiting power scaling, indicate fault systems controlled by disorder and 
weakening as faults grow in the direction normal to extension. At the very end of this growth 
regime the faults begin to interact before changing to a regime where fault trace-length vs. 
number is exponentially distributed. 
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Schultz, 2000, used the same data set, on Mars, as Schultz & Fori, 1996, to identify 
interacting, or linked, faults as faults that overlap or whose endpoints have been bridged by 
shorter fault segments, so that the mechanics of the fault begin to imitate longer, single faults 
(see Figure 1). Cumulative frequency-length (CNL) diagrams of these faults showed differences 
in power function scaling exponent (1 vs. 2) when plotting interacting faults vs. independent, 
single faults to a cumulative number rank. Vallianatos & Sammonds, 2011, applied non-
extensive statistics, a generalization of Boltzmann-Gibbs statistical physics, to the distributions 
of interacting and independent faults using the same data as Schultz, 2000, and found the same 
fault scaling differences. The thermodynamic q-parameter is an index variable of non-extensive 
statistics, similar to a power function exponent, applied to cumulative number vs. length 
distributions that accounts for the interaction of faults within a system. If a q-parameter is close 
to two, the fault system is considered to be interactive; as the q-parameter decreases to one, the 
more independent are the faults. Vallianatos & Sammonds, 2011, ran two groups of normal 
faults from Schultz, 2000, and found q-parameter values of 1.15 for independent normal faults 








Figure 1. Close-up image of interacting faults on Ophir Planum 
in the Valles Marineris Extensional Province on Mars from 
Schultz, 2000.  
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There are several methods of collecting fault trace-lengths from Synthetic Aperture Radar 
(SAR) images. This study uses the older, manual techniques described below. Schultz & Fori, 
1996, used the two dimensional window sampling technique of Pahl, 1981, to measure normal 
faults on Mars. Scholz (1997) measured the fault trace-lengths of normal faults on Venus using 
particle analysis tools in image processing software. Particle analysis tools measure objects in 
binary or thresholded images. The software package has since been updated under the name 
ImageJ (Abramoff, Magelhaes, & Ram, 2004). More recently, Marpu et al., 2006, developed an 
automatic classification system to extract normal faults from SAR imagery using object-based 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.  Study Area 
 The landforms and terrains of Venus are generally split into five classes: crustal 
plateaus and tesserae, coronae, chasmata, plains, and volcanic rises. Crustal plateaus and tesserae 
occur together. Tesserae are areas of high radar backscatter cut by linear structures that appear to 
be fractures. They occur in crustal plateaus, the highland regions adjacent to the plains regions of 
Venus (McGill, Stofan, & Smrekar, 2010). Coronae are areas of elliptical ridges and/or fracture 
sets that are thought to have formed from extension or upwelling associated with volcanic 
activity (McGill, Stofan, & Smrekar, 2010). Chasmata are major rift systems made up of basins 
and ranges extending thousands of kilometers. Most chasmata appear in the equatorial regions of 
Venus (McGill, Stofan, & Smrekar, 2010).  
 These landforms and terrains are composed primarily of bedrock. After image and 
surface composition analysis conducted during  the Venera 8 through 16 lander missions (1972-
1983), most of the exposed surface rock was found to contain ferric or ferrous minerals 
commonly found in mafic rocks ( basalt and gabbro).  Bedrock and overlying unconsolidated 
material at the surface is estimated to have formed during the last twenty percent of the solar 
system history (~ 1 Billion yrs.). Less than a quarter of the planet’s surface is overlain by 
unconsolidated bedrock material, which is thought to result from very slow weathering due to 
weak eolian processes and mass wasting coupled with chemical weathering (Basilevsky & Head, 
1988; McGill, Stofan, & Smrekar, 2010). Basaltic volcanism is the dominant geologic process on 
Venus (Saunders et al., 1991).  
 No water exists in the atmosphere or on the surface of Venus. Thus, the process of 
erosion is largely absent and the features of tectonic deformation, including fault traces, remain 
pristine. Global topography of the planet reveals no plate boundaries or spreading ridges, so with 
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a strong crust created without water, Venus is considered to be tectonically a ‘stagnant lid 
regime’   i.e. no tectonic plates and the overall tectonic activity is very low. What tectonic 
activity there is can be attributed to convection processes in the mantle. Gravity data shows 
evidence of hotspots that are the likely sources for resurfacing of Venus. Small areas of 
resurfacing, replacement or covering of old crust with new crust, over an extended time is the 
model of geologic evolution that best fits the geologic observations reported on Venus (McGill, 
Stofan, & Smrekar, 2010). 
 Without significant weathering or erosion of the surface, most of the landforms 
created through tectonic or volcanic processes survive unchanged. The only modifications made 
to these regions are intense fracturing and obscuration from burial by lava flows or impact 
craters and their ejecta (McGill, Stofan, & Smrekar, 2010), all of which are visible in the study 
area.  
 The study area extends from 27 to 32 degrees north and 336 to 343 degrees 
longitude in an area called Sedna Planitia. The study area is allocated at a junction of three 
regional topographic zones including Sedna Planitia. See Figures 3 and 4 for radar images 
showing the location of the study area and Figure 5 for images describing surrounding zones. 
 Directly to the west of the study site is the Guinevere Planitia region and directly 
to the east is the Eistla Regio (Figure 5).  Planitia topographic regions including Sedna and 
Guinevere are largely made up of smooth, lowland plains created by flood volcanism. Within the 
study site, the Planitia region is characterized by radar bright, smooth plains and rougher, radar 
dark plains that occur at low elevations and are geologically homogenous (Figure 5).  
 Plains regions separate the highland regions, or crustal plateaus, on Venus. Eistla 
Regio is one of those highland regions and is made up largely of tesserae zones, which are 
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regions of locally elevated topography broken by linear arrays of crisscrossing lineament belts, 
dorsae, and fossae. Much of the topography would be analogous to basin and range provinces 
extending from highlands on earth, with dorsae being the uplift and fossae the subsequent 
depression formed by the normal faults that make up the lineament belts. The debris of these 
tesserae zones are composed of talus consisting of blocks and cobbles created by tectonic 
deformation. Karra-máhte Fossae and Zorile Dorsa are located directly to the east of the study 
area. Normal faults trending NW from the highlands of Mesca Coronae (Figure 4), on the 
southwest edge of Eistla Regio, makes up the portion of the study area not covered by plains 
(Senske et al., 1991). 
 The northwest trending normal faults associated with Eistla Regio and extending 
into the study area from the southeast are concentrated areas of extensional tectonics, with 
grabens bounded by normal faults, caused by regional uplift of the area (Senske et al., 1991). 
Two mechanisms have been proposed to explain the tectonic uplift east of the study area and the 
extensional tectonics extending into the study area from the southeast. One is volcanic flow 
loading creating a thicker crust of the highlands, or two, a hotspot with its associated doming and 
uplift (Senske et al., 1991). On the southeast edge of the study area is Mesca Coronae (Figure 4). 
Coronae are concentric circular landforms developed by concentric rings of fractures and faults. 
They are thought to originate from the rise of mantle material, due to hotspots (McGill, Stofan, 
& Smrekar, 2010). Radiating from Mesca Corona to the west and northwest, into the study area, 
are the NW trending normal faults.  The most likely mechanism for the western Eistla Regio 
highlands and its normal fault belt in the study area is an underlying hotspot causing uplift and 
extensional tectonics manifest in the normal faulting (Harris & Ernst, 2001).   
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 Directly to the east of the study area is the Guinevere Planitia. Within Guinevere 
Planitia and extending into the study area are tectonic features called gridded plains. Gridded 
plains are composed of irregular intersecting orthogonal arrays of radar-bright normal faults 
cutting the smooth plains (Saunders et al., 1991). These irregular normal faults trend in the same 
northwest-southeast direction as the normal faults in the study area. Based on the common NW 
trend to the study area, these irregular normal faults may be caused by the same tectonic stresses 
that generated the normal fault belt within the study area.  
  The study site (Figure 4) appears to be a transition zone from plains landforms to 
the west and tesserae to the east. The surface is mafic basalt and gabbro of volcanic origin that 
transitions from smooth to cobbled and rough near the normal fault zone. The tectonic processes 






























































































































































Figure 4 Radar image of the study area located in Sedna Planitia, this image is 27 to 32 degrees North and 336 to 343 degrees 
Longitude. Black lines are areas of no data. Fault traces included in this study are closely spaced white lines trending NW-SE. 







Figure 5.  Maps showing landform names (A) and geology (B) for the Venus equatorial region surrounding the study area, 
(Figure 2 in Senske et al., 1991). Image A shows Eistla Regio, Sedna and Guinevere Planitia on a Venus topography image 




4.  Data Collection 
Trace-lengths of normal faults on the surface of Venus were collected from Synthetic 
Aperture Rader (SAR) images publicly available from the USGS and NASA/JPL-Caltech 
(http://www.mapaplanet.org/). SAR images delineate the fault traces because the radar 
illuminates the fault planes as narrow white lines on return images (Connors & Suppe, 2001).  
SAR images have also been used on Earth for remote sensing of fault traces (Stoyan & 
Gloaguen, 2011). Field verification in sparsely vegetated, non-glaciated regions such as East 
Africa, shows that SAR provides spatial image resolutions of +/- 15 meters for  fault trace-
lengths ranging from 1 to 35 km. (Stoyan & Gloaguen, 2011; Gloaguen, Marpu, & Niemeyer, 
2007). SAR images of Venus provide resolution of fault traces as low as 110 meters in along-
track pixel size (Ford et al., 1993). At that resolution, fault traces can be measured from 
approximately 0.3 km to more than 600 km in length, the longest trace length measured to date 
on Venus (Beach, 2005). Thus, the range in fault lengths in this study could be as much as three 
orders of magnitude. 
Left Looking Full Resolution SAR maps of Venus (FMAPs) from the Magellan 
spacecraft mission are used in this study. Each FMAP image has the highest image resolution 
available at 75 m/pixel.  The study area in Sedna Planitia, Venus was chosen from these images 
due to the presence of clearly visible, northwest trending faults in the Venusian surface. A 
custom mosaic (Figure 4) was created for study from UPC shapefiles of Sedna Planitia radar 
images courtesy the USGS Astrogeology Science Center. A radar map of Sedna Planitia can be 
seen in Figure 3, with the rectangular boundary of the study area shown. The dimensions of the 
study area extend from 27 to 32 degrees North and 336 to 343 degrees of Longitude, or roughly 
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528 x 658 km. A close-up of the study area is shown in Figure 4 and the fault trace 
measurements are shown in Figure 7. 
The fault trace-lengths are measured by hand for the northwest trending, white return 
lines (normal faults) seen in Figure 4. Only northwest trending faults are measured in order to 
exclude crosscutting faults that are of a different orientation and may be due to different tectonic 
events. Each fault trace-length is measured as a straight line distance from the endpoints of each 
white return line. The fault traces seldom deviate from the straight line connecting their 
endpoints, but some small error may be introduced by this method of collecting data from the 
images.  
To account for the scaling of the image caused by the curvature of the surface of Venus, 
spherical trigonometry is used to calculate the actual length from the straight line distance 
measured between the endpoints. The Venusian latitude and longitude of each endpoint is input 
into Equation 1 based on the spherical triangle in Figure 6 (Smart, 1965).  The resulting radian 
distance of    is converted to kilometers and recorded as the fault trace-length for data analysis. 
 
                            Eq. (1) 
  Where: 
     is the radian distance between endpoints A and B, 
     is the latitude change from the left endpoint A to planet pole P, 
     is the latitude change from right endpoint B to planet pole P, 
 P is the radian degrees of angle P, which is the difference in longitude subtracted 




Figure 6.  Schematic representation showing a distance measurement method with spherical triangle APB from Smart, 
1965. 
 
Figure 7. Map showing study area and normal fault traces analyzed in this study. 
 
























 The trace lengths of 792 northwest trending normal faults were measured. All 
fault trace-lengths were contained within the study area and did not touch the boundary. Those 
that did touch the boundary were not measured. The latitude and longitude of the end points and 
the trace length of each fault measured, are given in Appendix 4, Table 1. The longest trace 
length is 434.27 +/- 5 km and the shortest is 1.49 +/- 5 km. Approximately sixty percent of the 
fault trace-lengths measured less than 10.39 km in length.  However, trace lengths below 10.39 
km could not be accurately measured, resulting in a lower cutoff of 10.39 km in this study. 
 Lastly, error exists in a collection of fault trace-lengths on the surface of another 
planet when using the observational methods used for this study. Errors in measurement of fault 
traces and the lower limit of resolution due to the resolution of space imagery are intrinsic to 
studies such as these (Schultz and Fori, 1996). The overlapping, linkage, and curvature of the 
faults can also mean some lengths are not characteristic of the actual fault distribution (Torabi 
and Berg, 2011). Because the study was done using planetary imagery and not ground-truthed 
geologic maps, fault linkage is not visible and therefore not measured here.  
 
 
5.  Data Analysis 
Cumulative Number vs. Length (CNL) plots were constructed and the data fit with three 
functions. Cumulative number plots avoid the biases of binning the data, inherent in non-
cumulative (NL) plots constructed using histograms (Newman, 2005). The y-axis is the 




In this study, the first function fit to the data in the CNL plot is the power function. 
Because the CNL is a cumulative number plot, a Cumulative Distribution Function (CDF) from 
Newman, 2005, (Equation 2), is used as the power function. The CDF follows a power function, 
but with a scaling exponent one less than the original.  
 ( )   
 
   
    (   )   
Eq. (2)
   
Where: 
 P(x) is the probability of the number of values greater than or equal to x, 
 α - 1 is the scaling exponent, 
   C is a constant that equals P(x) when x = 1. 
 
The longest fault trace-length has the smallest probability, where probability is 1/ total 
number of points in the dataset.  The probability of the second longest fault trace is 2/total 
number of points in the dataset, etc. The probabilities, P(x), are plotted on the y-axis verses the 
fault trace-length from the x-axis (Figure 10).   
The fault trace-length data collected in this study is also plotted on a NL plot in Figure 8 
and is fit with the original power function, as given by Newman, 2005, and shown in Equation 3. 
In contrast to CNL plots, NL plots require that the data be binned over a range of x (trace-lengths 
in this study).  Data from this study was placed into 15 km bins. The data points plotted in Figure 
8 are the x,y values of the upper right corner of each bin. The x-axis is fault trace-length and the 
y-axis is the number of fault trace-lengths in each bin range. Note that the value of the scaling 
exponent is (   ) for the CDF fit to data plotted on a CNL plot and is   for the original 
power function fit to data plotted on a NL plot (Newman, 2005). In this study the difference in 
scaling exponents between an NL plot of the data and a CNL plot of the data is 1.07, close to the 
theoretical difference of one. 
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    Eq. (3)   
Where: 
 p(x) is the frequency of data points in a given bin, 
 α is the scaling exponent, 
 C is a constant that equals p(x) when x = 1. 
 
 
Figure 8 NL plot fitted with a power function. Result of Equation 3 shown in upper right corner. 
 
The mean of the values between xmin and infinity fit by a power function is given in 
Equation 4 where xmin is the minimum trace-length value. However, Newman, 2005, notes that 
there is no fixed mean for a power function if the scaling exponent is less than or equal to two. 
Because this fault trace-length data set returns a scaling exponent below two, the mean fault 
trace-length is not calculated in this study. 
22 
 
       ∫        
 
    
     Eq. (4)   
Where: 
α is the scaling exponent, 
xmin is the minimum trace-length value 
C is a constant that equals P(x) when x = 1. 
 
Vétel, Gall, & Walsh, 2005, fit fault trace-length data sets on a CNL plot with an 
exponential function (Equation 5). A CNL plot fit with this exponential function is shown in 
Appendix 2, Figure 5. 
    Eq. (5)   
Where: 
N is the cumulative number of faults > x or segments with lengths greater than a 
given constant L,  
α is the total number of faults,  
e is the number (approximately 2.718281828) such that the function ex is its own 
derivative 
 λ is the scaling parameter. 
 
 
A logarithmic function (Equation 6) is fit to the data on the CNL plot (Figure 9). 
             Eq. (6)   
 Where:  




6.  Fitting Functions to Fault Trace-Length Data 
A data set must include a minimum number of fault trace-length measurements to insure 
that the data subset represents the larger distribution from which it is drawn.  Appendix 3 is a 
study of the error in a scaling exponent as a function of the number of data points drawn from a 
synthetic CNL distribution.  For example, if given a sequence of 50 data points, the error in the 
scaling exponent obtained by fitting a power function to the data plotted on a CNL plot is 
approximately +/- 0.25. 
The functions tested against the fault trace-length data plotted on a CNL plot are power, 
exponential, and logarithmic. Exponential and logarithmic functions are fit using a transformed 
regression model, a type of least squares estimation (R
2
) method. To fit a power function to the 
data, a Maximum Likelihood Estimation (MLE) process is employed (Clark, Cox, & Laslett, 
1999). MLE is a type of goodness of fit algorithm which iteratively minimizes the error.  The 
power function fit is then confirmed by a Kolmogorov-Smirnov (KS) statistic. The KS statistic is 
a further goodness of fit measure that measures the distance between the data and hypothesized 
function fit. If the KS statistic is greater than 0.1, it confirms the function fit. 
Logarithmic and exponential functions are fit using standard statistical computer software 
in Microsoft Excel. This standard statistical computer software frequently used for fitting the 
power function, displays errors in scaling exponent estimation because it uses least squares linear 
regression (R
2
) to fit the functions and to estimate the error (Clauset, Shalizi, & Newman, 2009). 
A computer program written by the author, incorporating the power function fitting software 
using MLE and KS statistics to optimize fitting and  developed in Matlab by Clauset, Shalizi, & 
Newman, 2009, is used in this study to fit power functions to fault trace-length data. The 
computer program is given in Appendix 5. 
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7.  Results of Analysis 
 The fault trace-length data was plotted on a CNL plot (Figure 9) which shows three 
functions fit to the data; the power, exponential, and logarithmic functions. The power function 
is the best fit as can be seen by visual inspection of Figure 9. The scaling exponent is 1.73   +/- 
0.11 (Figure 10). A KS statistic measurement of 0.6 out of 1.0 confirms the accuracy of the 
power function and its scaling exponent, following Clauset, Shalizi, and Newman, 2009.  
 The exponential and logarithmic functions are displayed on Figure 9. Issues of using r-
squared for goodness of fit of these two functions are not known by this writer nor are they 
addressed in Clauset, Shalizi, and Newman, 2009. The logarithmic fit has an r-squared value of 
0.8947. However, the curve of the logarithmic function does not fit the linear nature of the data 
on a log-log CNL plot. Data values in the right tail and the apex of the curve at the top are both 
poorly fit. The exponential function returns an exponent of 0.04.   The r-squared value is 0.56 
and the visual inspection shows the most deviation of the function from the data of any of the 
three functions fit. 
  
 
Table 2. Results of functions fit to the fault trace-length data. The R
2
 value is a least squares estimation of the 
function fit where a value closer to one is typical of a proper fit and the K-S value is the KS statistic of the power 








Figure 9. CNL plot of every function fit. Power function fit by black line, exponential by red line, and logarithmic by green line 
 
 
































Normal Fault Trace Length (km)
Scaling Exponent = 1.73
297 Data Points Fit
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8.  Discussion 
 The fault trace-lengths in the study area exhibit a single power scaling exponent of 1.73 
+/- 0.11 over a range of fault lengths from 10.39 - 434.27 km. Visual inspection of Figure 9 
shows that a power function fits the data better than the exponential or logarithmic functions. 
Goodness of fit measures also reveal a reduced fit of the exponential and logarithmic functions 
(see Table 2). Because the exponential and logarithmic functions in Figure 9 show such a poor 
fit, the fault trace-length data of this study cannot be compared to any other studies with 
exponential or logarithmic function fits.  
 Different functions can arise from different strain regimes, growth regimes, ages, or any 
of the parameters listed in Table 1. For example, a fault system made of up mature faults that 
accommodate the maximum strain regime often fit exponential distributions instead of power 
distributions (Spyropoulos, Scholz, and Shaw, 2002; Vétel, Gall, & Walsh, 2005). The poor fits 
seen in Figure 9 could be caused by any of these parameters. 
 Out of the previous studies where a power function was fit to fault trace-length data 
plotted on a CNL plot, the study with the closest value to my scaling exponent is the normal fault 
trace-length study of Zygouri et al., 2008, in the Gulf of Corinth, Greece. A CNL plot of the 
Zygouri data fit with a power function reveals a scaling exponent of 1.94, close to my result of 
1.73 +/- 0.11 on Venus. The Gulf of Corinth normal faults result from extension tectonics 
believed to be caused by slab pull beneath the Aegean microplate.  The tectonics of my study site 
on Venus are hot spot tectonics resulting from a mantle plume. The range of fault lengths in the 
study of Zygouri et al., 2008 is approximately 2 to 9 km, much smaller than the range in the 
present study of 10 to 434 km.  
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 The range in CNL scaling exponents among the rest of the fault length studies can be 
seen in Table 1.  Poulimenos, 2000, also conducted CNL studies of normal fault trace-lengths in 
the Gulf of Corinth, Greece. Fault trace-lengths ranged in length from 0.5 to 12 km, compared to 
lengths ranging from 10.39 to 434.27 km in the present study. Poulimenos, 2000, used the same 
CNL plot type and power function, but the function returned scaling exponents of 1.05 and 1.06 
compared to 1.73 for the present study.  
 Stoyan and Gloaguen, 2011, studied normal fault traces in the East African Rift Zone and 
plotted the data on a NL plot. The rock type was basaltic as on Venus, but they fit their data with 
a Weibull function, instead of a power function. Lastly, Scholz, 1997 uses a NL plot and fits the 
data with the power function seen in Equation 3. The scaling exponent of Scholz was 
approximately 2, corrected for the CDF the scaling exponent would be 1 compared to 1.73 for 
the current study. 
 The studies of Beach, 2005; Schultz and Fori, 1996; and Gloaguen, Marpu, and 
Niemeyer, 2007 all have fault lengths ranging from 10 to as high as 400 km, which are very 
close to the range of 10.39 km to 434.27 km of this study. The rock type in all these studies is 
mafic or basaltic bedrock. Their plot types are CNL and they are fit with a power function. Each 
of these parameters is extremely similar to this study site, but the scaling exponents are less than 
one and greater than one in Beach, 2005, and scaling exponents ranging from 2.0 to 2.35 in the 
others are still significantly greater than the exponent of 1.73 found for this study. 
 While the CNL scaling exponent found in these previous studies are different from the 
results of the present study, it is significant to note that all but one of the previous studies report 
power scaling for fault trace-lengths. Additional qualitative approaches may further describe the 
study area. For example, in the study area, it is not possible to see fault interaction due to limits 
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of image resolution, as seen in Figures 3 and 4. However, Vallianatos & Sammonds, 2011 
differentiate interacting normal faults from independent normal faults by the different 
distributions fault trace-lengths create. The CNL plot in Figure 11a shows an exponential 
distribution of fault trace-lengths for independent, non-interacting faults and a power distribution 
of fault trace-lengths (Figure 11b) for interacting faults.  Following these results, the power CDF 
(Figure 10) indicates that the faults in the present study should be interacting. 
  As discussed above, Vallianatos & Sammonds, 2011, took the distributions in Figure 11 
and analyzed them using non-extensive statistics.  The q-parameter is a factor used in non-
extensive statistics that quantifies the interaction of fault systems. Vallianatos & Sammonds 
derive a q-factor (Eq. 7) based on the power scaling exponent of a CDF fit to the fault trace-
length data plotted on a CNL plot. A q-parameter close to one is indicative of independent fault 
interaction and a q-parameter close to two is indicative of highly interacting fault systems 
(Vallianatos and Sammonds, 2011). The fault system in my study area returns a q-factor of 1.58. 
Therefore, I conclude that the faults in the study area have a low degree of interactivity.  
 
 
      
 
 
     (Eq. 7)   
 Where: 







Figure 11. Two normalized cumulative distribution function (CDF) plots for Valles Marineris, Mars extensional, or normal, 
faults. Plot a) is an example of a distribution of independent fault segments and b) is an example of a distribution of 
interacting fault segments. Image taken from Vallianatos & Sammonds, 2011. 
  
 Following the approach of Poulimenos, 2000, and subdividing the study site in half 
(Figure 12), a change in the scaling exponent of the power function fit to the fault trace-lengths 
from across the study site can be tested. If the scaling exponent is constant between both halves 
and for the combination of both halves, then the fault trace-length distribution can be considered 
stable across the study site. The scaling exponent for the left half of the study area is 1.76 +/- 
0.11. The scaling exponent from the right side is 1.80 +/- 0.11. The scaling exponent for the two 
halves combined is 1.73 +/- 0.11. This demonstrates that the scaling exponent is constant across 
the entire study site (Figure 13).  
 The same approach of dividing the study site in halves was conducted by Poulimenos, 
2000, for fault density. Fault density is the total fault trace-length divided by the mapped area. 
30 
 
The fault density for the left side is 0.039 km/km
2
. The fault density for the right side is 0.032 
km/km
2
. The fault density for the entire study site is 0.029 km/km
2
. Thus, fault density is roughly 
the same across the study site.  
 If subsets of the study area cannot be differentiated by power function exponent or fault 
density, then the normal faults may be considered independent of the amount of tectonic 
extension in the area (Poulimenos, 2000). Poulimenos studied the Gulf of Corinth before Zygouri 
et al., 2008, but unlike Zygouri, Poulimenos applied a growth model to scaling behavior. If 
power function exponents and fault density stay the same across the study area, as seen in my 
study area, Poulimenos concluded that fault interaction does not drive fault tip propagation and 
the extension of the fault system (Poulimenos, 2000). Because of this type of fault growth, the 
distance between the intersection of faults, or fault spacing, is still uniform and the fault 








Figure 13 Power functions fit to data points from: full study area, left half of study area, and right half of study area. X marks 
where power function is cutoff and all data points above that point are not fit. 
  
 The fault growth, fault spacing, strain, and fault interaction conclusions made above from 
comparison with Poulimenos, 2000, and Vallianatos & Sammonds, 2011, agree with the 
laboratory fracture growth regime observations and model of Spyropoulos, Scholz, and Shaw, 
2002, discussed above. In their model, when strain increases and faults grow past initial 
nucleation the fault trace-length distribution is fit by a power function. Faults are still 
independent of strain as the fault tips propagate normal to extension and fault interaction is just 
beginning, but not affecting the fault system. 
 Because my fault trace-length data set was best fit by a power function and I have come 
to conclusions in the discussion above similar to the model of Spyropoulos, Scholz, and Shaw, 
2002, the normal faults of my study area are probably analogous to this growth regime. 
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Spyropoulos, Scholz, and Shaw, 2002 compared their model to Scholz, 1997, and concluded that 
the nearby Venus fault system from Scholz, 1997 was in a growth regime and had a total strain 
of around one percent. Thus, I conclude that strain in my study area is very low (1-3 percent), the 
independent faults have grown beyond nucleation but are being inhibited by a stress field similar 
to the one seen in the Spyropoulous, Scholz, and Shaw, 2002, laboratory model, the faults are 
growing normal to the direction of extension, and the mature faults are just starting to interact.  
 Zygouri et al, 2008, identified a saturation stage based on fault trace-length scaling as the 
point where two power functions exhibiting bi-fractal behavior are fit to different ranges of fault 
trace-lengths in a distribution and those power functions meet (Figure 14). The change from one 
power function and scaling exponent to another is attributed to two types of faults:  those that 
reach the base of the lithosphere (longer trace-lengths) and those that do not (shorter trace-
lengths). Beach, 2005, also observed two power functions in her study of fault trace-lengths in an 
area of faulting immediately to the west of my study site, as seen in Figure 2. The distance to the 
base of the lithosphere on Venus was estimated to be approximately 40 km based on the fault 
trace-length at the saturation stage (Beach, 2005). As discussed above, faults that reach the 
lithosphere have a trace-length twice their height (Spyropoulos, Scholz, & Shaw, 2002). 
  A study of fault trace-lengths on Mars that was plotted on a CNL plot by Schultz and 
Fori, 1996, was fit using a single power function instead of two, similar to this study. They 
attributed the absence of the two power functions to a strain regime that is still independent of 
fault density. The single power function fit to the entire range of fault trace-length data from this 
study may also indicate that even the longest faults have not all extended vertically to the 
lithosphere. The last conclusion is aided by the transition from plains to thicker crustal plateau 
and tesserae in this study area. 
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Figure 14 CNL plot from Zygouri et al, 2008, shows a bi-fractal nature. Where the power functions change you see the 
saturation stage, this has been used to decipher depth to the base of the lithosphere.  
 
 
9.  Conclusion 
 Trace lengths of normal faults in a tectonic transition zone located in southern Sedna 
Planitia, Venus are distributed as a power function when cumulative number is plotted versus 
length (CNL). The scaling exponent of the power function is 1.73 +/- 0.11.  The CNL scaling 
exponent for normal fault traces in the Gulf of Corinth, Greece is 1.94 (Zygouri et al, 2008). The 
CNL power scaling exponent for normal fault trace-lengths plotted on a CNL plot for Venus, 
Mars, and Earth range from 0.98 to 2.35.  The difference in scaling exponents between each 
study cannot be proven to be attributed to any one or any combination of the possible controlling 
variables including: range of fault lengths, rock type, strain, geologic/tectonic setting, degree of 
fault interaction, or thickness of the lithosphere. 
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 The principal result of this study is that NL and CNL trace-length distributions for normal 
faults in the study area are nonlinear and are well described by a power function.  Exponential 
and logarithmic functions are poor fits to the data.  The CNL power function exponent of this 
study adds to the range of scaling exponents found in other studies. Power function scaling at the 
study site indicates that the fault system is analogous to the growth regime of Spyropoulos, 
Scholz, and Shaw, 2002, fault density is the same across the study area, the strain and fault 

















10.  References  
Abramoff, M. D., Magelhaes, P. J., & Ram, S. J. (2004). Image Processing with ImageJ. 
Biophotonics International, 11(7), 36–42. 
Basilevsky, A. T., & Head, J. W. (1988). The Geology of Venus. Annual Review of Earth and 
Planetary Sciences, 16(1), 295–317. doi:10.1146/annurev.ea.16.050188.001455 
Beach, A. M. (2005). Determining Venusian Lithospheric Thickness using Frequency-Length 
Statistics of Fractures. California State University, Fullerton, Department of Geological 
Sciences. Retrieved from 
http://geology.fullerton.edu/dbowman/Site/Theses_files/AlyssaThesis.pdf 
Ben-Zion, Y., & Sammis, C. G. (2003). Characterization of Fault Zones. Pure and Applied 
Geophysics, 160(3), 677–715. doi:10.1007/PL00012554 
Clark, R. M., Cox, S. J. D., & Laslett, G. M. (1999). Generalizations of power-law distributions 
applicable to sampled fault-trace lengths: model choice, parameter estimation and 
caveats. Geophysical Journal International, 136(2), 357–372. doi:10.1046/j.1365-
246X.1999.00728.x 
Clauset, A., Shalizi, C. R., & Newman, M. E. J. (2009). Power-Law Distributions in Empirical 
Data. SIAM Review, 51(4), 661–703. doi:10.1137/070710111 
Connors, C., & Suppe, J. (2001). Constraints on magnitudes of extension on Venus from slope 
measurements. J. Geophys. Res., 106(E2), 3237–3260. doi:10.1029/2000JE001256 
Crosby, N. B. (2011). Frequency distributions: from the sun to the earth. Nonlin. Processes 
Geophys., 18(6), 791–805. doi:10.5194/npg-18-791-2011 
Ford, J. P., Plaut, J. J., Weitz, C. M., Farr, T. G., Senske, D. A., Stofan, E. R., Michaels, G., et al. 
(1993). Guide to Magellan Image Interpretation. JPL Publications 93-24, Jet Propulsion 
Lab, Pasadena, CA.  
Geological Survey (U.S.). (1998). The Sedna Planitia Region of Venus in four map sheets 
[cartographic material] / U.S. Department of the Interior, U.S. Geological Survey ; 
prepared for the National Aeronautics and Space Administration. Reston, Va. : Denver, 
CO :: The Survey ; For sale by USGS Information Services. 
Gloaguen, R., Marpu, P. R., & Niemeyer, I. (2007). Automatic extraction of faults and fractal 
analysis from remote sensing data. Nonlinear Processes in Geophysics, 14(2), 131–138. 
doi:10.5194/npg-14-131-2007 
Harris, B. A., & Ernst, R. E. (2001). Evidence for Radiating Dyke Swarms Fed from Multiple 
Magma Chambers Located Within the Central Regions of Volcanic/Magmatic Centres: 
36 
 
Two Examples from Southern Sedna Planitia/Northern Western Eistla Regio, Venus. 
Lunar and Planetary Institute Science Conference Abstracts, Lunar and Planetary Inst. 
Technical Report (Vol. 32, p. 1836). 
Kim, Y.-S., & Sanderson, D. J. (2005). The relationship between displacement and length of 
faults: a review. Earth-Science Reviews, 68(3–4), 317 – 334. 
doi:10.1016/j.earscirev.2004.06.003 
López, I., Lillo, J., & Hansen, V. L. (2008). Regional fracture patterns around volcanoes: 
Possible evidence for volcanic spreading on Venus. Icarus, 195(2), 523–536. 
doi:10.1016/j.icarus.2007.12.026 
Mandelbrot, B. B. (1977). The Fractal Geometry of Nature. New York: W.H. Freeman and 
Company. 
Marpu, P., Gloaguen, R., & Niemeyer, I. (2006). Evaluation of the Efficiency of Object-Based 
Classification in the Identification of Geological Structures Case Study: Extraction of the 
Morphology of the Normal Faults. Geoscience and Remote Sensing Symposium, 2006. 
IGARSS 2006. IEEE International Conference on (pp. 4213 –4216). 
doi:10.1109/IGARSS.2006.1081 
McGill, G. E., Stofan, E. R., & Smrekar, S. E. (2010). Venus Tectonics. In T. R. Watters & R. A. 
Schultz (Eds.), Planetary Tectonics, Cambridge Planetary Science (pp. 81 – 120). 
Cambridge: Cambridge University Press. 
Newman, M. (2005). Power laws, Pareto distributions and Zipf’s law. Contemporary Physics, 
46(5), 323–351. doi:10.1080/00107510500052444 
Pahl, P.J. (1981). Estimating the mean length of discontinuity traces. International Journal of 
Rock Mechanics and Mining Sciences &amp; Geomechanics Abstracts, 18(3), 221 – 228. 
doi:10.1016/0148-9062(81)90976-1 
Poulimenos, G. (2000). Scaling properties of normal fault populations in the western Corinth 
Graben, Greece: implications for fault growth in large strain settings. Journal of 
Structural Geology, 22(3), 307 – 322. doi:10.1016/S0191-8141(99)00152-2 
Sammis, C. G., & Biegel, R. L. (1989). Fractals, fault-gouge, and friction. Pure and Applied 
Geophysics, 131(1), 255–271. doi:10.1007/BF00874490 
Sabins, F. F. (2007). Remote Sensing: Principles and Applications (3rd ed.). Waveland Press Inc. 
Saunders, R. S., Arvidson, R. E., III, J. W. H., Schaber, G. G., Stofan, E. R., & Solomon, S. C. 
(1991). An Overview of Venus Geology. Science, New Series, 252(5003), pp. 249–252. 
37 
 
Scholz, C. (1997). Earthquake and fault populations and the calculation of brittle 
strain. Geowissenschaften, 15, 124-130. 
Scholz, C. H. (1997). Size distributions for large and small earthquakes. Bulletin of the 
Seismological Society of America, 87(4), 1074 –1077. 
Scholz, Christopher H. (2002). Mechanics of Faulting. The Mechanics of Earthquakes and 
Faulting (2nd ed., p. 496). Cambridge University Press. 
Schultz, R. A., & Fori, A. N. (1996). Fault-length statistics and implications of graben sets at 
Candor Mensa, Mars. Journal of Structural Geology, 18(2–3), 373 – 383. 
doi:10.1016/S0191-8141(96)80057-5 
Schultz, R. A. (2000). Fault-population statistics at the Valles Marineris Extensional Province, 
Mars: implications for segment linkage, crustal strains, and its geodynamical 
development. Tectonophysics, 316(1–2), 169–193. doi:10.1016/S0040-1951(99)00228-0 
Schultz, R. A., Okubo, C. H., & Wilkins, S. J. (2006). Displacement-length scaling relations for 
faults on the terrestrial planets. Journal of Structural Geology, 28(12), 2182 – 2193. 
doi:10.1016/j.jsg.2006.03.034 
Senske, D. A., Campbell, D. B., Stofan, E. R., Fisher, P. C., Head, J. W., Stacy, N., Aubele, J. C., 
et al. (1991). Geology and tectonics of Beta Regio, Guinevere Planitia, Sedna Planitia, 
and Western Eistla Regio, Venus: Results from Arecibo image data. Earth, Moon, and 
Planets, 55(2), 163–214. doi:10.1007/BF00058901 
Smart, W. M. (1965). Text-Book on Spherical Astronomy (Fifth ed.). Cambridge: Cambridge 
University Press. 
Spyropoulos, C., Scholz, C. H., & Shaw, B. E. (2002). Transition regimes for growing crack 
populations. Physical Review E, 65(5). doi:10.1103/PhysRevE.65.056105 
Stoyan, D., & Gloaguen, D. (2011). Nucleation and growth of geological faults. Nonlinear 
Processes in Geophysics, 18(4), 529. doi:10.5194/npg-18-529-2011 
Torabi, A., & Berg, S. S. (2011). Scaling of fault attributes: A review. Marine and Petroleum 
Geology, 28(8), 1444–1460. doi:10.1016/j.marpetgeo.2011.04.003 
Turcotte, D. L. (1997). Fractals and Chaos in Geology and Geophysics (Second ed.). 
Cambridge: Cambridge University Press. 
Vallianatos, F., & Sammonds, P. (2011). A non-extensive statistics of the fault-population at the 




Vétel, W., Gall, B. L., & Walsh, J. J. (2005). Geometry and growth of an inner rift fault pattern: 
the Kino Sogo Fault Belt, Turkana Rift (North Kenya). Journal of Structural Geology, 
27(12), 2204 – 2222. doi:10.1016/j.jsg.2005.07.003 
Zygouri, V., Verroios, S., Kokkalas, S., Xypolias, P., & Koukouvelas, I. K. (2008). Scaling 
properties within the Gulf of Corinth, Greece; comparison between offshore and onshore 





















Glossary of Terms 
Bright Plains:  Relatively radar-bright, homogeneous plains with mixture of dark and 
bright, or mottled plains. 
 
Chasmata:   Deep, steep-sided, and elongated depressions interpreted as rift systems 
made up of troughs extending thousands of kilometers and frequently 
overprinted by fracture systems. 
 
CNL plot:   Cumulative Number (y-axis) verses Length (x-axis) plot  
 
Coronae:   Ovoid-shaped feature on Venusian surface composed of elliptical ridges 
and/or fracture sets resulting from tectonic extension or upwelling activity. 
 
Dark Plains:  Radar-dark, homogeneous plains. 
 
Dorsae:   Ridge on Venusian surface formed as a result of uplift from normal 
faulting similar to ranges in the Basin and Range province in the 
southwestern United States. 
 
Fossae:   Long, narrow depression on Venusian surface formed as result of normal 
faulting depression similar to basins in the Basin and Range province in 
the southwestern United States. 
 
Planitia:   Smooth, lowland plains usually the result of flood volcanism. 
 
Scale Invariance:  A feature of a size frequency distribution that does not change if the scales 
of length and frequency are multiplied by a common factor, also termed 
dilational symmetry. 
 
Scaling:   Where the size – frequency distribution of objects is fit by a power 
function.  Only the power function is considered scaling, Mandelbrot, 
1977. 
 
Stagnant lid regime:  Lithospheric regime where high yield strength of lithosphere prevents 
development of plates of conventional plate tectonics. Instead, the 
lithosphere insulates the mantle which heats up and produces volcanism. 
 
Tesserae:   Polygonal terrain of areas of high radar backscatter composed of linear 
structures resulting from contractional or extensional fractures and faults. 
 
(Definitions modified from Gazetteer of Planetary Nomenclature 
(http://planetarynames.wr.usgs.gov/DescriptorTerms), Senske et al., 1991; McGill, Stofan, & Smrekar, 2010; 
Basilevsky and Head, 1988; Turcotte, 1992;  Newman, 2005) 
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Appendix 2  
Plot Type Examples 
 
Appendix 2, Figure 1. Example of CNL plots fit with power functions from Poulimenos, 2000. D is the scaling exponent and C 
is a constant. 
 
 





Appendix 2, Figure 3. Weibull function fit to fault trace-lengths on a cumulative probability plot from three normal fault 






Appendix 2, Figure 4. Log survival function vs. length 
plot with four parameter Fuller-Pareto or Generalized F 
distribution fit in the dark line and a General 
Pareto/Power function fit in the dotted lines (Clark, Cox, 
& Laslett, 1999), survival function similar to cumulative 























Error in Scaling Exponent Depends on How Representative a Subsample Size 
is on Number of Data Points Randomly Selected from a Synthetic Power 
Size-Cumulative Frequency Data Set  
 The size-cumulative frequency method is used to determine the power scaling exponent 
for power data sets (Newman, 2005). Alternatively, the non-cumulative method requires binning 
of the data.  The scaling exponent of binning is sensitive to the bin sizes. In the Size vs. 
Cumulative Frequency method the data is ranked from largest to smallest and a rank number is 
associated with each size, so that the largest size object is ranked 1, the second largest 2, the third 
largest 3, and so forth.  
Our study determines the error in the measured scaling exponent associated with the number of 
data using the Size vs. Cumulative Frequency method. Ten synthetic data sets, each of 100,000 
randomly selected synthetic power distributed data points of known scaling exponent (2.5) and a 
minimum size 1.0 were constructed following the method of Newman (2005). Subsets of each of 
the ten data sets were created by cutting each of the 100,000 point data sets in half, quarters, etc. 
up to fifteen times until a 100000 data set is reduced to a seven point data set. A total of 15 data 
sets were created for each original 100,000 data set. The size vs. cumulative frequency plots are 
each fit with a power function (programmed in Matlab by Lyda) and the power scaling exponent 
determined. The individual power scaling exponents for each data subset are shown individually 
(Section 1), as is the average exponent for each data set size (Section 2). 
For each data set size the individual power scaling exponents, their ranges, and their average 
values are compared to the original exponent for the synthetic data sets to determine accuracy for 
each data set size. The original synthetic data sets were programmed to an exponent of 2.5. As 
can be seen in Section 1, the average power scaling exponent for a data set of 100,000 data 
points is 2.5 and the range in the exponent between all ten runs is 0.0176. The average exponent 
is 2.5 for all data sets greater than 49 points. The range is less than 0.6 until it reaches data sets of 
49 points as well. Each data set below 49 points shows an average power scaling exponent of 2.6 
and ranges between 1 and 1.7. 
As can be seen in Section 2, as the data sets become smaller, the data scatters from the best fit 
power functions with the largest sizes and gradually separates from the known scaling exponent 
with increasing distances and decreasing number of data points. Our conclusion is that the size 
vs. cumulative frequency method, returns an inaccurate power function exponent for data sets 
smaller than fifty points.  
Andrew Lyda, Christopher Barton 








Appendix 3, Table 2. Average scaling exponent (α), range α, 











Appendix 3, Table 1. Values of scaling exponent (α) and  
minimum size (xmin) as a function of number of  
data points for ten runs  
 
 
# of Points Avg. α Range (Max - Min) α Error α
100000 2.5 0.02 0.01
50000 2.5 0.04 0.02
25000 2.5 0.05 0.02
12500 2.5 0.07 0.03
6250 2.5 0.07 0.04
3125 2.5 0.11 0.05
1563 2.5 0.16 0.08
782 2.5 0.22 0.11
391 2.5 0.42 0.21
196 2.5 0.43 0.22
98 2.5 0.50 0.25
49 2.6 1.15 0.57
25 2.6 1.07 0.53
13 2.6 1.03 0.51


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 1 – Fault Trace-Length Data 
Sedna Planitia Research Area Lat/Long Measurements         
Fracture # 
 
Left Lat. Left Long. Right Lat. 
Right 
Long. Radians Length (km) Length (m) 
1.00 
 
27.23 336.30 27.10 336.48 0.00 21.46 21458.18 
2.00 
 
27.19 336.39 27.17 336.57 0.00 16.58 16578.94 
3.00 
 
27.28 336.23 27.13 336.41 0.00 23.54 23536.40 
4.00 
 
27.23 336.27 27.09 336.45 0.00 21.77 21767.15 
5.00 
 
27.17 336.31 27.13 336.35 0.00 6.06 6060.17 
6.00 
 
27.20 336.28 27.19 336.30 0.00 2.46 2457.81 
7.00 
 
27.22 336.28 27.17 336.30 0.00 6.27 6266.16 
8.00 
 
27.25 336.20 27.19 336.28 0.00 10.18 10178.44 
9.00 
 
27.22 336.20 27.14 336.30 0.00 12.64 12637.03 
10.00 
 
27.27 336.14 27.23 336.19 0.00 6.32 6316.32 
11.00 
 
27.31 336.26 27.16 336.46 0.00 24.57 24573.24 
12.00 
 
27.38 336.22 27.20 336.45 0.00 28.77 28767.60 
13.00 
 
27.36 336.21 27.30 336.29 0.00 10.19 10187.13 
14.00 
 
27.40 336.15 27.34 336.22 0.00 9.50 9500.00 
15.00 
 
27.19 336.47 27.13 336.54 0.00 9.51 9508.58 
16.00 
 
27.20 336.52 27.14 336.58 0.00 8.48 8482.42 
17.00 
 
27.41 336.36 27.23 336.53 0.00 24.93 24931.73 
18.00 
 
27.40 336.30 27.31 336.41 0.00 14.03 14030.56 
19.00 
 
27.48 336.31 27.42 336.36 0.00 8.17 8169.44 
20.00 
 
27.43 336.38 27.36 336.42 0.00 8.98 8975.76 
21.00 
 
27.43 336.33 27.39 336.36 0.00 5.08 5075.73 
22.00 
 
27.53 336.17 27.50 336.22 0.00 5.97 5967.07 
23.00 
 
27.56 336.20 27.47 336.30 0.00 13.02 13021.68 
24.00 
 
27.26 336.52 27.20 336.57 0.00 8.59 8591.82 
25.00 
 
27.32 336.49 27.29 336.51 0.00 4.38 4378.62 
26.00 
 
27.31 336.51 27.23 336.58 0.00 11.13 11126.41 
27.00 
 
27.36 336.45 27.29 336.48 0.00 8.09 8090.31 
28.00 
 
27.65 336.19 27.50 336.33 0.00 20.86 20864.29 
29.00 
 
27.43 336.40 27.39 336.45 0.00 5.97 5970.57 
30.00 
 
27.39 336.46 27.35 336.50 0.00 5.65 5650.46 
31.00 
 
27.25 336.58 27.22 336.61 0.00 4.57 4565.64 
32.00 
 
27.22 336.73 27.15 336.80 0.00 9.84 9838.40 
33.00 
 
27.28 336.62 27.20 336.71 0.00 11.95 11951.37 
34.00 
 
27.48 336.45 27.29 336.60 0.00 24.51 24508.29 
35.00 
 
27.44 336.46 27.38 336.50 0.00 7.82 7823.28 
36.00 
 
27.42 336.45 27.38 336.49 0.00 4.94 4943.61 
37.00 
 
27.49 336.42 27.45 336.45 0.00 5.78 5775.01 
38.00 
 
27.53 336.40 27.49 336.44 0.00 5.26 5263.94 
39.00 
 
27.58 336.33 27.50 336.40 0.00 10.69 10694.88 
40.00 
 
27.64 336.30 27.60 336.33 0.00 5.07 5072.83 
41.00 
 
27.62 336.33 27.59 336.34 0.00 2.99 2990.66 
42.00 
 





27.69 336.19 27.65 336.24 0.00 6.67 6668.51 
44.00 
 
27.39 336.61 27.35 336.66 0.00 6.67 6668.24 
45.00 
 
27.44 336.59 27.35 336.69 0.00 12.98 12982.81 
46.00 
 
27.40 336.65 27.38 336.68 0.00 3.52 3518.28 
47.00 
 
27.46 336.63 27.40 336.70 0.00 8.76 8764.45 
48.00 
 
27.48 336.52 27.42 336.58 0.00 8.17 8169.44 
49.00 
 
27.50 336.49 27.46 336.51 0.00 4.14 4144.77 
50.00 
 
27.51 336.48 27.48 336.49 0.00 3.95 3954.98 
51.00 
 
27.49 336.46 27.48 336.48 0.00 1.76 1758.22 
52.00 
 
27.55 336.45 27.50 336.47 0.00 5.60 5603.61 
53.00 
 
27.52 336.58 27.47 336.63 0.00 7.06 7059.55 
54.00 
 
27.60 336.57 27.54 336.63 0.00 7.76 7763.25 
55.00 
 
27.59 336.64 27.55 336.68 0.00 6.05 6051.35 
56.00 
 
27.59 336.60 27.57 336.62 0.00 3.15 3152.88 
57.00 
 
27.65 336.56 27.60 336.61 0.00 7.06 7055.87 
58.00 
 
27.73 336.53 27.71 336.56 0.00 3.22 3221.62 
59.00 
 
27.89 336.84 27.82 336.91 0.00 9.87 9869.07 
60.00 
 
27.99 336.77 27.95 336.80 0.00 4.37 4371.02 
61.00 
 
27.95 336.82 27.90 336.87 0.00 7.05 7047.34 
62.00 
 
27.98 336.81 27.74 337.09 0.01 36.75 36754.48 
63.00 
 
27.97 336.84 27.93 336.88 0.00 5.34 5339.90 
64.00 
 
27.98 336.86 27.94 336.89 0.00 5.07 5067.92 
65.00 
 
27.99 336.86 27.82 337.07 0.00 26.24 26240.71 
66.00 
 
28.03 336.92 27.77 337.25 0.01 40.57 40569.18 
67.00 
 
28.06 336.22 28.02 336.26 0.00 5.64 5635.23 
68.00 
 
28.11 336.15 28.04 336.21 0.00 9.27 9270.04 
69.00 
 
28.25 336.29 28.19 336.37 0.00 10.13 10127.90 
70.00 
 
28.23 336.28 28.18 336.34 0.00 8.06 8058.60 
71.00 
 
28.21 336.27 28.17 336.32 0.00 6.29 6286.26 
72.00 
 
28.16 336.15 28.12 336.21 0.00 7.01 7005.69 
73.00 
 
28.12 336.26 28.08 336.32 0.00 6.64 6641.63 
74.00 
 
28.13 336.33 28.09 336.37 0.00 5.59 5589.62 
75.00 
 
28.21 336.06 28.15 336.17 0.00 11.65 11650.78 
76.00 
 
28.23 336.05 28.18 336.12 0.00 8.39 8387.26 
77.00 
 
28.22 336.11 28.18 336.14 0.00 5.06 5064.47 
78.00 
 
28.23 336.12 28.20 336.16 0.00 5.25 5251.92 
79.00 
 
28.33 336.13 28.24 336.19 0.00 10.57 10571.24 
80.00 
 
28.45 336.02 28.42 336.07 0.00 5.34 5342.38 
81.00 
 
28.47 336.07 28.32 336.21 0.00 20.21 20207.99 
82.00 
 
28.51 336.04 28.26 336.32 0.01 37.07 37071.02 
83.00 
 
28.48 336.18 28.42 336.24 0.00 8.14 8139.53 
84.00 
 
28.53 336.37 28.32 336.57 0.00 29.05 29048.57 
85.00 
 
28.48 336.23 28.43 336.30 0.00 8.72 8718.14 
86.00 
 
28.44 336.32 28.39 336.35 0.00 6.20 6201.85 
87.00 
 
28.52 336.27 28.37 336.42 0.00 21.10 21097.09 
88.00 
 
28.77 336.17 28.55 336.37 0.00 29.72 29724.97 
89.00 
 
28.61 336.36 28.49 336.47 0.00 15.87 15865.26 
90.00 
 
28.45 336.52 28.36 336.61 0.00 12.77 12769.26 
91.00 
 
28.61 336.41 28.49 336.51 0.00 15.01 15007.84 
92.00 
 





28.50 336.60 28.46 336.64 0.00 5.63 5625.20 
94.00 
 
28.79 336.25 28.73 336.33 0.00 9.40 9401.85 
95.00 
 
28.85 336.22 28.73 336.38 0.00 19.50 19498.55 
96.00 
 
28.93 336.32 28.88 336.36 0.00 6.02 6022.64 
97.00 
 
28.81 336.40 28.74 336.48 0.00 10.47 10465.29 
98.00 
 
28.72 336.48 28.56 336.66 0.00 23.05 23048.16 
99.00 
 
28.55 336.65 28.45 336.73 0.00 13.18 13183.96 
100.00 
 
28.60 336.67 28.49 336.76 0.00 13.88 13882.90 
101.00 
 
28.65 336.61 28.62 336.64 0.00 3.93 3925.83 
102.00 
 
28.74 336.54 28.69 336.58 0.00 6.73 6728.13 
103.00 
 
28.81 336.48 28.77 336.54 0.00 6.98 6978.39 
104.00 
 
28.72 336.66 28.64 336.73 0.00 10.65 10652.53 
105.00 
 
28.70 336.62 28.64 336.68 0.00 8.43 8430.99 
106.00 
 
28.66 336.69 28.48 336.86 0.00 25.00 25000.31 
107.00 
 
28.65 336.76 28.49 336.90 0.00 20.61 20612.21 
108.00 
 
28.46 336.90 28.44 336.92 0.00 3.14 3138.92 
109.00 
 
28.45 336.93 28.24 337.09 0.00 26.71 26706.19 
110.00 
 
28.20 337.01 27.94 337.31 0.01 39.19 39190.88 
111.00 
 
28.11 337.16 28.08 337.19 0.00 4.55 4547.13 
112.00 
 
28.22 337.09 28.13 337.13 0.00 10.70 10703.17 
113.00 
 
28.10 337.22 27.95 337.40 0.00 22.38 22378.83 
114.00 
 
28.25 337.12 28.09 337.31 0.00 24.47 24466.69 
115.00 
 
28.23 337.20 28.14 337.29 0.00 12.67 12671.78 
116.00 
 
28.15 337.30 28.08 337.39 0.00 11.54 11535.04 
117.00 
 
28.00 337.04 27.97 337.08 0.00 4.89 4894.96 
118.00 
 
28.05 337.00 28.00 337.07 0.00 8.40 8395.77 
119.00 
 
28.08 337.03 28.03 337.08 0.00 7.17 7165.43 
120.00 
 
28.05 337.09 28.01 337.13 0.00 5.64 5635.46 
121.00 
 
28.07 337.09 28.05 337.12 0.00 3.50 3504.61 
122.00 
 
28.11 337.07 28.09 337.09 0.00 2.45 2445.99 
123.00 
 
28.02 337.15 27.99 337.18 0.00 4.93 4931.58 
124.00 
 
27.92 337.26 27.91 337.29 0.00 2.99 2992.61 
125.00 
 
28.28 336.69 28.20 336.75 0.00 10.39 10391.68 
126.00 
 
28.33 336.64 28.29 336.69 0.00 6.28 6282.39 
127.00 
 
28.35 336.68 28.29 336.72 0.00 7.35 7348.20 
128.00 
 
29.19 336.20 29.00 336.42 0.00 28.55 28548.90 
129.00 
 
29.02 336.43 28.92 336.56 0.00 15.65 15652.63 
130.00 
 
28.88 336.55 28.80 336.63 0.00 10.84 10841.82 
131.00 
 
29.09 336.41 29.01 336.50 0.00 11.48 11481.21 
132.00 
 
29.22 336.23 29.10 336.39 0.00 19.81 19805.93 
133.00 
 
28.97 336.57 28.86 336.76 0.00 21.06 21061.40 
134.00 
 
29.22 336.33 29.15 336.41 0.00 10.44 10444.58 
135.00 
 
29.27 336.28 29.20 336.38 0.00 11.82 11816.06 
136.00 
 
29.29 336.36 29.20 336.49 0.00 15.28 15277.62 
137.00 
 
29.37 336.28 29.00 336.79 0.01 61.50 61503.28 
138.00 
 
29.64 336.02 29.43 336.22 0.00 28.81 28807.00 
139.00 
 
29.59 336.10 29.44 336.25 0.00 20.70 20703.92 
140.00 
 
29.54 336.17 29.38 336.37 0.00 25.34 25338.97 
141.00 
 
29.40 336.29 29.31 336.43 0.00 15.65 15647.04 
142.00 
 





29.47 336.27 29.14 336.65 0.01 49.07 49070.75 
144.00 
 
29.69 336.02 29.65 336.05 0.00 5.04 5042.96 
145.00 
 
29.68 336.08 29.61 336.12 0.00 7.79 7785.86 
146.00 
 
29.69 336.10 29.51 336.27 0.00 24.60 24601.28 
147.00 
 
29.51 336.30 29.10 336.84 0.01 65.26 65255.33 
148.00 
 
29.39 336.43 29.32 336.52 0.00 11.45 11452.35 
149.00 
 
29.35 336.45 29.27 336.55 0.00 12.84 12842.28 
150.00 
 
29.24 336.63 29.17 336.74 0.00 12.18 12181.20 
151.00 
 
29.12 336.84 29.00 336.97 0.00 17.46 17456.01 
152.00 
 
29.02 336.97 28.96 337.02 0.00 7.84 7842.36 
153.00 
 
28.99 337.02 28.92 337.07 0.00 8.72 8718.97 
154.00 
 
28.94 337.08 28.91 337.11 0.00 4.53 4528.83 
155.00 
 
28.90 337.08 28.86 337.14 0.00 6.97 6974.57 
156.00 
 
29.02 337.08 28.86 337.22 0.00 21.57 21569.49 
157.00 
 
28.99 337.17 28.88 337.27 0.00 14.85 14847.27 
158.00 
 
29.04 337.09 29.01 337.14 0.00 5.23 5226.45 
159.00 
 
29.07 337.05 29.00 337.12 0.00 9.82 9821.18 
160.00 
 
29.12 336.88 29.05 336.98 0.00 11.83 11826.57 
161.00 
 
29.21 336.79 29.07 336.92 0.00 19.04 19039.48 
162.00 
 
29.03 337.23 28.93 337.33 0.00 13.73 13733.71 
163.00 
 
29.10 337.13 29.00 337.24 0.00 14.28 14277.79 
164.00 
 
29.12 337.07 29.07 337.14 0.00 8.35 8351.07 
165.00 
 
29.12 337.04 29.07 337.09 0.00 6.62 6624.87 
166.00 
 
29.18 336.96 29.10 337.03 0.00 10.22 10220.61 
167.00 
 
29.17 336.95 29.13 337.01 0.00 6.96 6963.05 
168.00 
 
29.22 336.97 29.16 337.02 0.00 8.54 8535.68 
169.00 
 
29.29 336.88 29.23 336.94 0.00 8.82 8815.06 
170.00 
 
29.37 336.79 29.32 336.84 0.00 7.01 7005.96 
171.00 
 
29.43 336.74 29.37 336.82 0.00 9.71 9713.77 
172.00 
 
29.45 336.72 29.41 336.76 0.00 5.55 5550.20 
173.00 
 
29.55 336.63 29.49 336.70 0.00 9.36 9363.87 
174.00 
 
29.65 336.56 29.38 336.86 0.01 39.74 39736.40 
175.00 
 
29.38 336.93 29.02 337.28 0.01 49.47 49471.33 
176.00 
 
29.36 336.91 29.31 336.96 0.00 7.41 7412.54 
177.00 
 
29.53 336.73 29.34 336.92 0.00 26.61 26613.05 
178.00 
 
29.60 336.64 29.54 336.71 0.00 8.67 8666.24 
179.00 
 
29.80 336.39 29.56 336.59 0.01 31.03 31029.32 
180.00 
 
29.57 336.74 29.35 336.97 0.01 31.03 31034.59 
181.00 
 
29.35 336.71 29.32 336.74 0.00 4.20 4203.76 
182.00 
 
29.43 336.66 29.39 336.70 0.00 5.22 5216.62 
183.00 
 
29.49 336.58 29.37 336.69 0.00 15.52 15519.37 
184.00 
 
29.43 336.55 29.38 336.60 0.00 7.00 7004.33 
185.00 
 
29.44 336.52 29.40 336.57 0.00 6.61 6614.68 
186.00 
 
29.47 336.46 29.41 336.53 0.00 9.03 9034.54 
187.00 
 
29.56 336.37 29.48 336.45 0.00 10.50 10501.25 
188.00 
 
29.95 336.07 29.50 336.56 0.01 65.10 65103.14 
189.00 
 
29.61 336.48 29.56 336.56 0.00 9.43 9425.93 
190.00 
 
29.68 336.37 29.61 336.46 0.00 11.45 11446.24 
191.00 
 
29.73 336.34 29.70 336.36 0.00 3.91 3911.56 
192.00 
 





29.63 336.35 29.57 336.44 0.00 10.75 10745.16 
194.00 
 
29.69 336.31 29.66 336.35 0.00 4.90 4897.34 
195.00 
 
29.69 336.27 29.59 336.37 0.00 13.60 13600.31 
196.00 
 
29.71 336.23 29.44 336.45 0.01 34.95 34953.26 
197.00 
 
29.78 336.18 29.73 336.23 0.00 7.40 7400.70 
198.00 
 
29.79 336.08 29.75 336.12 0.00 6.29 6294.02 
199.00 
 
29.80 336.02 29.78 336.05 0.00 3.81 3812.54 
200.00 
 
29.69 336.21 29.65 336.26 0.00 6.24 6237.56 
201.00 
 
29.68 336.16 29.63 336.21 0.00 6.61 6607.26 
202.00 
 
29.62 336.21 29.55 336.31 0.00 12.48 12481.07 
203.00 
 
29.58 336.22 29.53 336.29 0.00 8.32 8322.31 
204.00 
 
29.55 336.33 29.52 336.37 0.00 5.55 5547.00 
205.00 
 
29.10 337.35 28.54 337.90 0.01 78.43 78434.98 
206.00 
 
29.10 337.29 29.02 337.37 0.00 11.22 11223.02 
207.00 
 
29.15 337.22 29.11 337.27 0.00 6.31 6311.16 
208.00 
 
29.21 337.13 29.16 337.21 0.00 9.39 9390.08 
209.00 
 
29.18 337.27 29.12 337.32 0.00 7.58 7576.03 
210.00 
 
29.19 337.24 29.16 337.26 0.00 3.67 3666.45 
211.00 
 
29.22 337.20 29.18 337.22 0.00 4.36 4356.61 
212.00 
 
29.33 337.07 29.20 337.19 0.00 17.52 17521.02 
213.00 
 
29.33 337.04 29.26 337.11 0.00 10.12 10119.33 
214.00 
 
29.23 337.22 29.21 337.25 0.00 3.50 3504.87 
215.00 
 
29.35 337.09 29.25 337.19 0.00 14.32 14321.50 
216.00 
 
29.49 336.86 29.37 336.99 0.00 17.43 17426.25 
217.00 
 
29.52 336.82 29.47 336.86 0.00 6.30 6301.42 
218.00 
 
29.44 336.95 29.39 337.00 0.00 6.30 6303.56 
219.00 
 
29.48 336.97 29.39 337.07 0.00 12.91 12912.65 
220.00 
 
29.33 337.18 29.24 337.28 0.00 13.20 13197.67 
221.00 
 
29.38 337.16 29.35 337.20 0.00 4.52 4518.96 
222.00 
 
29.22 337.28 29.12 337.40 0.00 14.60 14600.84 
223.00 
 
29.25 337.31 29.19 337.36 0.00 8.53 8534.80 
224.00 
 
29.15 337.33 29.08 337.39 0.00 9.66 9664.93 
225.00 
 
29.15 337.39 29.09 337.45 0.00 8.03 8025.04 
226.00 
 
29.08 337.43 29.03 337.49 0.00 8.03 8027.45 
227.00 
 
29.09 337.39 29.06 337.43 0.00 4.91 4909.82 
228.00 
 
29.04 337.42 29.02 337.47 0.00 4.92 4923.95 
229.00 
 
29.01 337.46 28.93 337.57 0.00 12.87 12866.78 
230.00 
 
29.68 336.94 28.75 337.77 0.02 124.10 124098.33 
231.00 
 
28.85 337.71 28.75 337.81 0.00 14.04 14044.05 
232.00 
 
28.86 337.73 28.78 337.80 0.00 10.53 10532.27 
233.00 
 
28.85 337.77 28.79 337.83 0.00 8.74 8737.58 
234.00 
 
28.91 337.72 28.76 337.88 0.00 21.68 21684.35 
235.00 
 
28.82 337.85 28.79 337.89 0.00 5.57 5569.04 
236.00 
 
29.31 337.32 29.17 337.46 0.00 20.03 20026.55 
237.00 
 
29.38 337.26 29.34 337.29 0.00 4.35 4354.70 
238.00 
 
29.67 337.00 29.43 337.22 0.01 32.84 32837.70 
239.00 
 
29.42 337.19 29.40 337.22 0.00 3.12 3123.13 
240.00 
 
29.47 337.14 29.43 337.18 0.00 5.91 5914.45 
241.00 
 
29.52 337.12 29.49 337.14 0.00 3.22 3217.62 
242.00 
 





29.32 337.34 28.81 337.93 0.01 76.28 76280.23 
244.00 
 
28.91 337.87 28.88 337.91 0.00 5.23 5230.61 
245.00 
 
29.17 337.69 29.11 337.77 0.00 9.75 9747.44 
246.00 
 
29.29 337.54 29.20 337.63 0.00 12.54 12540.48 
247.00 
 
29.30 337.49 29.20 337.58 0.00 13.85 13848.98 
248.00 
 
29.21 337.59 29.16 337.66 0.00 8.34 8340.42 
249.00 
 
29.17 337.59 29.13 337.62 0.00 5.32 5317.35 
250.00 
 
29.20 337.56 29.18 337.57 0.00 2.98 2980.93 
251.00 
 
29.35 337.44 29.30 337.52 0.00 9.38 9382.16 
252.00 
 
29.47 337.42 29.23 337.71 0.01 37.51 37514.47 
253.00 
 
29.37 337.30 29.35 337.33 0.00 3.82 3821.02 
254.00 
 
29.39 337.27 29.36 337.30 0.00 3.82 3820.72 
255.00 
 
29.63 336.77 29.53 336.87 0.00 13.60 13604.00 
256.00 
 
29.53 336.84 29.51 336.86 0.00 3.50 3500.42 
257.00 
 
29.57 336.78 29.53 336.82 0.00 5.74 5738.87 
258.00 
 
29.69 336.67 29.59 336.77 0.00 13.60 13600.31 
259.00 
 
29.65 336.69 29.62 336.72 0.00 4.61 4610.07 
260.00 
 
29.74 336.60 29.64 336.67 0.00 12.61 12606.47 
261.00 
 
29.73 336.55 29.67 336.60 0.00 7.82 7823.65 
262.00 
 
29.72 336.50 29.68 336.55 0.00 6.61 6605.84 
263.00 
 
29.77 336.48 29.70 336.51 0.00 7.24 7238.33 
264.00 
 
29.81 336.40 29.75 336.47 0.00 8.70 8698.92 
265.00 
 
29.83 336.45 29.80 336.49 0.00 4.85 4845.57 
266.00 
 
30.00 336.12 29.97 336.15 0.00 4.60 4604.32 
267.00 
 
30.03 336.06 29.92 336.16 0.00 14.79 14788.76 
268.00 
 
30.11 336.05 30.07 336.09 0.00 6.00 5996.31 
269.00 
 
30.18 336.02 30.12 336.10 0.00 9.67 9672.21 
270.00 
 
30.23 336.03 30.18 336.08 0.00 7.29 7286.79 
271.00 
 
30.21 336.08 30.13 336.16 0.00 11.17 11169.95 
272.00 
 
30.17 336.08 30.14 336.09 0.00 2.97 2974.83 
273.00 
 
30.09 336.19 30.04 336.24 0.00 6.69 6694.35 
274.00 
 
30.14 336.11 30.09 336.16 0.00 6.59 6592.61 
275.00 
 
30.03 336.23 29.99 336.27 0.00 5.90 5898.50 
276.00 
 
30.08 336.23 30.04 336.29 0.00 6.92 6923.81 
277.00 
 
30.01 336.30 29.96 336.34 0.00 6.18 6176.17 
278.00 
 
29.94 336.34 29.91 336.39 0.00 5.88 5883.66 
279.00 
 
29.91 336.41 29.88 336.46 0.00 5.57 5568.05 
280.00 
 
30.16 336.14 29.91 336.49 0.01 41.49 41491.46 
281.00 
 
30.11 336.27 30.08 336.29 0.00 3.91 3906.51 
282.00 
 
30.06 336.31 30.03 336.36 0.00 5.28 5279.49 
283.00 
 
30.15 336.23 30.07 336.33 0.00 13.14 13139.80 
284.00 
 
30.18 336.26 30.09 336.34 0.00 11.99 11990.70 
285.00 
 
30.12 336.35 30.05 336.44 0.00 11.40 11404.02 
286.00 
 
30.23 336.33 30.14 336.43 0.00 12.48 12483.65 
287.00 
 
30.10 336.61 30.05 336.66 0.00 6.29 6285.75 
288.00 
 
30.07 336.61 29.86 336.82 0.00 29.75 29748.61 
289.00 
 
29.83 336.83 29.75 336.92 0.00 11.11 11111.56 
290.00 
 
29.87 336.83 29.82 336.89 0.00 7.62 7622.81 
291.00 
 
29.82 336.87 29.77 336.95 0.00 8.74 8738.76 
292.00 
 





29.78 337.07 29.73 337.12 0.00 7.40 7400.70 
294.00 
 
30.01 336.92 27.50 340.63 0.07 434.27 434270.96 
295.00 
 
28.28 337.51 28.20 337.61 0.00 12.22 12220.68 
296.00 
 
28.20 337.61 28.07 337.82 0.00 23.90 23898.52 
297.00 
 
28.20 337.59 27.97 337.93 0.01 39.93 39925.08 
298.00 
 
27.97 337.93 27.64 338.47 0.01 61.41 61410.06 
299.00 
 
28.06 337.83 27.98 337.98 0.00 16.74 16742.15 
300.00 
 
28.09 337.87 27.96 338.12 0.00 27.46 27456.99 
301.00 
 
28.10 337.96 28.06 338.04 0.00 8.17 8167.06 
302.00 
 
28.40 337.79 28.34 337.87 0.00 10.13 10127.92 
303.00 
 
28.43 337.73 28.40 337.77 0.00 4.56 4558.69 
304.00 
 
28.40 337.81 28.36 337.87 0.00 6.98 6979.72 
305.00 
 
28.44 337.76 28.41 337.79 0.00 3.84 3839.11 
306.00 
 
28.38 337.92 28.31 338.06 0.00 14.84 14840.98 
307.00 
 
28.38 338.03 28.33 338.10 0.00 8.72 8722.72 
308.00 
 
28.40 337.99 28.37 338.04 0.00 4.95 4945.66 
309.00 
 
28.45 338.02 28.39 338.09 0.00 9.78 9781.52 
310.00 
 
28.60 338.19 28.55 338.24 0.00 7.03 7028.59 
311.00 
 
28.64 338.21 28.60 338.24 0.00 5.51 5507.18 
312.00 
 
28.68 338.24 28.63 338.27 0.00 5.51 5506.72 
313.00 
 
28.69 338.26 28.67 338.28 0.00 2.98 2984.10 
314.00 
 
28.65 338.31 28.62 338.34 0.00 3.93 3925.83 
315.00 
 
28.52 338.37 28.48 338.40 0.00 4.63 4628.35 
316.00 
 
28.57 338.32 28.55 338.33 0.00 1.84 1836.00 
317.00 
 
28.66 338.51 28.60 338.55 0.00 6.65 6654.14 
318.00 
 
28.70 338.42 28.65 338.47 0.00 7.03 7025.68 
319.00 
 
28.65 338.46 28.61 338.49 0.00 4.82 4818.99 
320.00 
 
28.62 338.47 28.55 338.54 0.00 9.84 9839.82 
321.00 
 
28.61 338.46 28.59 338.47 0.00 2.31 2307.07 
322.00 
 
28.58 338.49 28.54 338.52 0.00 4.63 4627.40 
323.00 
 
28.51 338.57 28.48 338.59 0.00 3.67 3672.55 
324.00 
 
28.46 338.61 28.44 338.63 0.00 2.99 2985.52 
325.00 
 
28.59 338.66 28.56 338.68 0.00 3.23 3227.15 
326.00 
 
28.51 338.67 28.49 338.69 0.00 2.53 2530.10 
327.00 
 
28.50 338.69 28.47 338.72 0.00 4.63 4628.59 
328.00 
 
28.50 338.73 28.49 338.75 0.00 2.11 2109.30 
329.00 
 
28.31 338.86 28.22 338.99 0.00 15.44 15438.33 
330.00 
 
28.22 339.07 28.21 339.10 0.00 3.21 3210.45 
331.00 
 
28.26 339.08 28.22 339.12 0.00 5.63 5630.63 
332.00 
 
28.22 339.14 28.19 339.17 0.00 4.54 4544.84 
333.00 
 
28.11 339.08 28.03 339.18 0.00 13.28 13280.60 
334.00 
 
28.08 339.06 28.05 339.10 0.00 4.55 4547.78 
335.00 
 
28.10 338.99 28.08 339.02 0.00 3.50 3503.88 
336.00 
 
28.04 339.00 28.01 339.03 0.00 4.23 4226.77 
337.00 
 
28.04 339.50 28.03 339.51 0.00 1.49 1494.88 
338.00 
 
28.05 339.52 28.03 339.56 0.00 4.57 4569.36 
339.00 
 
27.97 339.64 27.95 339.67 0.00 3.51 3506.58 
340.00 
 
27.87 339.51 27.83 339.56 0.00 6.30 6297.33 
341.00 
 
27.89 339.33 27.86 339.37 0.00 4.96 4962.54 
342.00 
 





27.26 339.61 27.22 339.67 0.00 6.67 6672.92 
344.00 
 
30.29 336.48 30.23 336.56 0.00 8.98 8976.04 
345.00 
 
30.49 336.13 30.38 336.22 0.00 14.49 14485.93 
346.00 
 
30.48 336.08 30.43 336.12 0.00 6.68 6684.34 
347.00 
 
30.59 336.12 30.56 336.14 0.00 4.12 4120.03 
348.00 
 
30.60 336.14 30.51 336.23 0.00 12.15 12149.95 
349.00 
 
30.49 336.25 30.45 336.28 0.00 5.27 5269.89 
350.00 
 
30.44 336.31 30.39 336.34 0.00 6.42 6419.95 
351.00 
 
30.46 336.29 30.44 336.30 0.00 2.79 2793.19 
352.00 
 
30.73 336.03 30.63 336.12 0.00 13.64 13639.82 
353.00 
 
30.67 336.16 30.63 336.21 0.00 5.88 5879.68 
354.00 
 
30.72 336.14 30.70 336.18 0.00 4.87 4865.51 
355.00 
 
30.73 336.18 30.68 336.23 0.00 6.96 6964.91 
356.00 
 
30.82 336.06 30.79 336.09 0.00 3.90 3896.77 
357.00 
 
30.87 336.04 30.85 336.07 0.00 3.81 3812.26 
358.00 
 
30.92 336.01 30.88 336.07 0.00 6.89 6887.73 
359.00 
 
30.90 336.06 30.86 336.09 0.00 4.34 4336.23 
360.00 
 
30.99 336.01 30.92 336.06 0.00 7.98 7984.44 
361.00 
 
30.94 336.06 30.89 336.13 0.00 7.91 7911.07 
362.00 
 
30.87 336.17 30.78 336.25 0.00 12.24 12239.83 
363.00 
 
30.80 336.19 30.78 336.22 0.00 3.10 3099.71 
364.00 
 
31.00 336.07 30.98 336.09 0.00 2.78 2782.45 
365.00 
 
31.06 336.06 30.98 336.14 0.00 10.84 10839.49 
366.00 
 
31.09 336.03 31.08 336.05 0.00 2.40 2404.85 
367.00 
 
31.13 336.01 31.10 336.05 0.00 4.48 4478.72 
368.00 
 
31.12 336.06 31.08 336.09 0.00 5.02 5021.16 
369.00 
 
30.80 336.31 30.75 336.34 0.00 5.94 5941.64 
370.00 
 
30.74 336.30 30.72 336.32 0.00 3.20 3204.72 
371.00 
 
30.73 336.37 30.68 336.42 0.00 6.68 6677.88 
372.00 
 
30.68 336.43 30.65 336.46 0.00 4.18 4179.68 
373.00 
 
30.70 336.44 30.67 336.47 0.00 4.49 4488.79 
374.00 
 
30.74 336.40 30.71 336.45 0.00 5.51 5510.16 
375.00 
 
30.72 336.47 30.69 336.49 0.00 3.65 3652.37 
376.00 
 
30.69 336.51 30.65 336.54 0.00 5.29 5287.80 
377.00 
 
30.64 336.50 30.59 336.55 0.00 6.27 6270.97 
378.00 
 
30.63 336.46 30.59 336.50 0.00 5.19 5185.49 
379.00 
 
30.69 336.39 30.63 336.43 0.00 7.54 7541.99 
380.00 
 
30.61 336.40 30.57 336.44 0.00 5.29 5289.48 
381.00 
 
30.59 336.53 30.56 336.56 0.00 4.49 4491.36 
382.00 
 
30.61 336.58 30.57 336.63 0.00 6.27 6271.66 
383.00 
 
30.55 336.60 30.53 336.63 0.00 3.80 3797.54 
384.00 
 
30.53 336.66 30.49 336.70 0.00 5.19 5188.12 
385.00 
 
30.42 336.78 30.34 336.87 0.00 11.46 11462.54 
386.00 
 
30.44 336.54 30.40 336.58 0.00 5.29 5292.74 
387.00 
 
30.57 336.83 30.46 336.94 0.00 15.64 15636.35 
388.00 
 
30.59 336.77 30.55 336.81 0.00 5.58 5575.23 
389.00 
 
30.18 336.90 30.16 336.92 0.00 2.52 2517.69 
390.00 
 
30.10 336.93 30.07 336.96 0.00 4.19 4190.28 
391.00 
 
30.04 337.03 30.00 337.07 0.00 4.89 4890.08 
392.00 
 





30.14 337.00 30.12 337.02 0.00 3.21 3211.08 
394.00 
 
30.10 337.14 30.07 337.17 0.00 4.60 4602.68 
395.00 
 
30.21 337.06 30.19 337.08 0.00 2.79 2792.12 
396.00 
 
30.20 337.08 30.15 337.14 0.00 7.68 7679.26 
397.00 
 
30.19 337.18 30.13 337.23 0.00 8.25 8245.45 
398.00 
 
30.13 337.18 30.06 337.25 0.00 9.90 9901.54 
399.00 
 
30.06 337.25 30.03 337.27 0.00 3.66 3658.55 
400.00 
 
29.99 337.26 29.92 337.32 0.00 9.21 9209.55 
401.00 
 
30.00 337.29 29.95 337.33 0.00 6.18 6176.34 
402.00 
 
29.99 337.33 29.91 337.39 0.00 9.64 9638.92 
403.00 
 
29.91 337.32 29.85 337.37 0.00 7.40 7397.16 
404.00 
 
29.91 337.28 29.77 337.39 0.00 17.64 17641.19 
405.00 
 
29.96 337.23 29.91 337.27 0.00 6.43 6426.21 
406.00 
 
29.99 337.19 29.96 337.21 0.00 3.66 3659.19 
407.00 
 
29.91 337.24 29.88 337.26 0.00 3.66 3659.93 
408.00 
 
29.93 337.20 29.90 337.22 0.00 3.91 3908.94 
409.00 
 
29.99 337.13 29.94 337.17 0.00 6.87 6866.29 
410.00 
 
29.91 337.18 29.84 337.25 0.00 9.49 9492.48 
411.00 
 
29.99 337.09 29.96 337.12 0.00 4.60 4604.49 
412.00 
 
29.94 337.09 29.91 337.11 0.00 3.91 3908.74 
413.00 
 
29.82 337.26 29.74 337.32 0.00 9.91 9912.86 
414.00 
 
29.82 337.22 29.79 337.25 0.00 3.50 3496.15 
415.00 
 
29.85 337.17 29.79 337.21 0.00 7.32 7321.24 
416.00 
 
29.81 337.31 29.78 337.33 0.00 3.66 3660.85 
417.00 
 
29.90 337.11 29.86 337.15 0.00 5.59 5592.10 
418.00 
 
29.73 337.27 29.69 337.32 0.00 6.61 6605.52 
419.00 
 
29.65 337.33 29.64 337.34 0.00 1.83 1831.10 
420.00 
 
29.51 337.49 29.48 337.52 0.00 4.61 4612.35 
421.00 
 
29.54 337.49 29.51 337.53 0.00 4.52 4515.34 
422.00 
 
29.56 337.51 29.53 337.53 0.00 3.22 3217.20 
423.00 
 
29.61 337.52 29.58 337.54 0.00 3.91 3913.23 
424.00 
 
29.63 337.51 29.62 337.53 0.00 2.10 2099.31 
425.00 
 
29.53 337.89 29.50 337.95 0.00 5.97 5966.41 
426.00 
 
29.49 337.97 29.46 338.01 0.00 5.55 5548.83 
427.00 
 
29.44 338.02 29.41 338.05 0.00 4.20 4202.15 
428.00 
 
29.50 338.04 29.44 338.11 0.00 9.41 9411.33 
429.00 
 
29.53 338.09 29.50 338.11 0.00 3.50 3500.49 
430.00 
 
29.58 338.21 29.55 338.24 0.00 4.20 4199.65 
431.00 
 
29.25 338.24 29.22 338.27 0.00 4.62 4616.57 
432.00 
 
29.15 338.27 29.10 338.32 0.00 6.62 6623.94 
433.00 
 
29.13 338.27 29.10 338.31 0.00 4.86 4864.81 
434.00 
 
29.00 338.46 28.96 338.51 0.00 5.93 5927.93 
435.00 
 
29.10 338.52 29.04 338.60 0.00 9.73 9731.79 
436.00 
 
29.10 338.63 29.07 338.68 0.00 5.22 5224.53 
437.00 
 
30.64 336.79 30.60 336.82 0.00 4.88 4877.31 
438.00 
 
30.67 336.74 30.64 336.77 0.00 4.49 4489.38 
439.00 
 
30.75 336.68 30.68 336.74 0.00 9.46 9460.71 
440.00 
 
30.81 336.58 30.76 336.64 0.00 8.28 8278.77 
441.00 
 
30.87 336.51 30.79 336.59 0.00 11.83 11833.94 
442.00 
 





30.92 336.40 30.86 336.47 0.00 8.60 8602.79 
444.00 
 
30.97 336.37 30.89 336.47 0.00 12.06 12062.14 
445.00 
 
30.99 336.34 30.94 336.39 0.00 6.57 6565.08 
446.00 
 
31.01 336.33 30.99 336.36 0.00 4.12 4124.88 
447.00 
 
31.09 336.24 31.03 336.32 0.00 9.62 9620.69 
448.00 
 
31.07 336.24 30.97 336.33 0.00 13.22 13215.04 
449.00 
 
31.04 336.23 31.01 336.27 0.00 4.81 4811.49 
450.00 
 
31.10 336.19 31.07 336.22 0.00 4.17 4171.92 
451.00 
 
30.97 336.27 30.92 336.31 0.00 5.71 5713.59 
452.00 
 
30.88 336.28 30.86 336.31 0.00 3.79 3790.85 
453.00 
 
30.85 336.32 30.82 336.35 0.00 4.18 4176.55 
454.00 
 
30.86 336.40 30.83 336.42 0.00 3.90 3896.29 
455.00 
 
30.83 336.44 30.71 336.56 0.00 17.01 17010.59 
456.00 
 
31.14 336.39 31.04 336.52 0.00 15.81 15806.06 
457.00 
 
31.06 336.52 30.99 336.58 0.00 9.45 9449.03 
458.00 
 
31.02 336.53 30.98 336.57 0.00 5.87 5869.34 
459.00 
 
31.00 336.57 30.98 336.59 0.00 3.20 3201.94 
460.00 
 
30.95 336.60 30.92 336.63 0.00 4.48 4482.95 
461.00 
 
31.06 336.55 31.00 336.62 0.00 9.04 9041.47 
462.00 
 
30.99 336.62 30.96 336.64 0.00 2.97 2969.53 
463.00 
 
30.96 336.64 30.87 336.72 0.00 11.69 11685.76 
464.00 
 
30.99 336.74 30.97 336.76 0.00 3.48 3478.26 
465.00 
 
30.79 336.77 30.72 336.84 0.00 10.05 10050.42 
466.00 
 
31.04 336.77 31.00 336.81 0.00 5.28 5280.85 
467.00 
 
30.80 336.92 30.68 337.05 0.00 17.41 17409.77 
468.00 
 
30.80 336.99 30.72 337.07 0.00 11.14 11141.15 
469.00 
 
30.68 337.32 30.60 337.38 0.00 10.31 10309.89 
470.00 
 
30.61 337.31 30.56 337.35 0.00 6.17 6166.07 
471.00 
 
30.32 337.31 30.26 337.36 0.00 8.50 8502.93 
472.00 
 
30.29 337.42 30.20 337.49 0.00 10.76 10760.28 
473.00 
 
30.36 337.40 30.32 337.43 0.00 4.80 4800.45 
474.00 
 
30.31 337.53 30.26 337.57 0.00 6.17 6171.14 
475.00 
 
30.33 337.54 30.31 337.56 0.00 3.49 3488.37 
476.00 
 
30.36 337.54 30.26 337.62 0.00 13.10 13101.10 
477.00 
 
30.42 337.51 30.38 337.54 0.00 5.48 5482.85 
478.00 
 
30.18 337.71 30.16 337.74 0.00 3.49 3490.65 
479.00 
 
30.07 337.76 30.03 337.79 0.00 5.04 5037.26 
480.00 
 
29.89 337.87 29.84 337.91 0.00 6.70 6699.44 
481.00 
 
29.87 338.21 29.83 338.26 0.00 6.93 6926.79 
482.00 
 
29.85 338.14 29.81 338.21 0.00 7.30 7302.26 
483.00 
 
28.96 338.97 28.92 339.02 0.00 6.63 6629.70 
484.00 
 
28.93 338.85 28.90 338.88 0.00 3.92 3922.17 
485.00 
 
28.91 338.81 28.87 338.86 0.00 6.63 6631.26 
486.00 
 
28.81 338.84 28.79 338.87 0.00 3.87 3867.47 
487.00 
 
28.77 338.81 28.74 338.84 0.00 4.21 4214.01 
488.00 
 
28.75 338.87 28.70 338.92 0.00 7.02 7024.22 
489.00 
 
28.71 338.94 28.62 339.08 0.00 16.77 16771.56 
490.00 
 
28.67 338.80 28.58 338.90 0.00 13.28 13278.76 
491.00 
 
28.59 338.99 28.54 339.06 0.00 8.73 8734.87 
492.00 
 





28.47 339.30 28.44 339.34 0.00 4.54 4539.24 
494.00 
 
28.20 339.68 28.15 339.73 0.00 6.99 6986.93 
495.00 
 
28.54 339.77 28.44 339.91 0.00 16.39 16389.80 
496.00 
 
29.63 338.62 29.57 338.69 0.00 9.03 9027.29 
497.00 
 
29.69 338.77 29.64 338.82 0.00 6.30 6296.85 
498.00 
 
29.58 338.81 29.53 338.84 0.00 5.96 5957.31 
499.00 
 
29.48 338.93 29.38 339.04 0.00 14.31 14313.49 
500.00 
 
29.62 338.87 29.55 338.93 0.00 8.80 8804.00 
501.00 
 
29.59 338.93 29.55 338.98 0.00 6.30 6299.41 
502.00 
 
29.49 338.79 29.46 338.83 0.00 4.52 4516.48 
503.00 
 
29.40 338.83 29.37 338.87 0.00 4.17 4165.27 
504.00 
 
29.36 338.80 29.33 338.83 0.00 3.82 3821.31 
505.00 
 
29.72 339.02 29.64 339.08 0.00 10.09 10085.62 
506.00 
 
29.74 338.94 29.70 338.98 0.00 5.74 5735.84 
507.00 
 
29.57 339.03 29.54 339.06 0.00 4.51 4514.67 
508.00 
 
29.48 339.16 29.44 339.19 0.00 4.35 4353.50 
509.00 
 
29.48 339.21 29.44 339.24 0.00 4.61 4612.92 
510.00 
 
29.59 339.13 29.53 339.19 0.00 8.52 8524.76 
511.00 
 
29.57 339.22 29.52 339.25 0.00 6.18 6183.49 
512.00 
 
29.63 339.15 29.58 339.19 0.00 5.74 5737.89 
513.00 
 
29.58 339.25 29.54 339.28 0.00 4.61 4611.29 
514.00 
 
29.60 339.23 29.55 339.26 0.00 5.74 5738.43 
515.00 
 
29.68 339.16 29.62 339.20 0.00 7.13 7128.24 
516.00 
 
29.68 339.30 29.65 339.32 0.00 3.66 3661.99 
517.00 
 
29.77 339.12 29.72 339.15 0.00 5.95 5954.84 
518.00 
 
29.52 339.41 29.49 339.43 0.00 2.98 2978.95 
519.00 
 
29.56 339.37 29.51 339.40 0.00 5.96 5957.50 
520.00 
 
29.84 339.20 29.81 339.23 0.00 4.61 4606.96 
521.00 
 
29.84 339.15 29.79 339.20 0.00 6.99 6992.08 
522.00 
 
29.82 339.11 29.79 339.13 0.00 3.45 3454.12 
523.00 
 
29.87 339.08 29.83 339.11 0.00 5.04 5040.19 
524.00 
 
29.85 339.02 29.81 339.05 0.00 4.81 4806.00 
525.00 
 
30.02 338.90 29.92 338.99 0.00 12.98 12980.98 
526.00 
 
30.01 338.97 29.93 339.05 0.00 11.18 11179.86 
527.00 
 
30.00 339.05 29.89 339.13 0.00 13.98 13982.60 
528.00 
 
29.95 339.16 29.90 339.21 0.00 7.40 7395.88 
529.00 
 
29.96 339.27 29.92 339.31 0.00 6.00 5999.69 
530.00 
 
29.83 339.30 29.80 339.33 0.00 3.50 3496.00 
531.00 
 
29.93 339.32 29.85 339.38 0.00 9.64 9640.81 
532.00 
 
29.34 339.55 29.31 339.58 0.00 4.20 4203.93 
533.00 
 
29.27 339.44 29.23 339.48 0.00 5.32 5315.44 
534.00 
 
29.17 339.43 29.14 339.47 0.00 4.86 4863.58 
535.00 
 
28.99 339.64 28.97 339.67 0.00 3.19 3192.85 
536.00 
 
28.78 339.79 28.74 339.83 0.00 5.93 5934.11 
537.00 
 
28.78 339.87 28.74 339.91 0.00 5.57 5570.39 
538.00 
 
28.54 339.93 28.52 339.96 0.00 3.49 3494.79 
539.00 
 
28.70 340.00 28.65 340.07 0.00 8.36 8364.84 
540.00 
 
28.80 340.02 28.77 340.05 0.00 4.92 4915.78 
541.00 
 
29.11 339.72 29.07 339.74 0.00 3.95 3947.60 
542.00 
 





30.14 339.02 30.00 339.13 0.00 17.88 17882.30 
544.00 
 
30.18 339.07 30.12 339.12 0.00 7.81 7811.53 
545.00 
 
30.26 339.01 30.20 339.06 0.00 7.81 7809.23 
546.00 
 
30.25 338.89 30.18 338.96 0.00 9.48 9479.88 
547.00 
 
30.34 338.78 30.26 338.86 0.00 11.16 11163.88 
548.00 
 
30.33 338.93 30.29 338.98 0.00 5.89 5889.64 
549.00 
 
30.41 338.84 30.37 338.89 0.00 6.21 6213.16 
550.00 
 
30.28 338.59 30.25 338.63 0.00 5.52 5524.53 
551.00 
 
30.28 338.53 30.22 338.60 0.00 8.68 8679.65 
552.00 
 
30.40 338.46 30.37 338.50 0.00 4.83 4829.51 
553.00 
 
30.51 338.37 30.49 338.40 0.00 4.14 4137.56 
554.00 
 
30.31 338.67 30.27 338.71 0.00 5.19 5193.89 
555.00 
 
27.10 340.17 27.06 340.32 0.00 14.89 14886.19 
556.00 
 
27.80 338.89 27.11 340.36 0.03 155.45 155451.88 
557.00 
 
27.32 340.19 27.22 340.46 0.00 27.67 27669.30 
558.00 
 
27.34 340.31 27.30 340.43 0.00 12.22 12223.30 
559.00 
 
27.11 341.13 27.06 341.44 0.00 29.63 29628.26 
560.00 
 
27.10 341.54 27.03 341.69 0.00 15.93 15928.52 
561.00 
 
27.25 341.38 27.19 341.52 0.00 14.18 14176.12 
562.00 
 
27.23 341.61 27.17 341.72 0.00 11.85 11854.96 
563.00 
 
27.48 341.11 27.43 341.19 0.00 9.49 9485.46 
564.00 
 
27.46 341.16 27.42 341.24 0.00 8.88 8878.79 
565.00 
 
27.39 341.76 27.33 341.87 0.00 11.71 11712.52 
566.00 
 
27.51 341.55 27.45 341.67 0.00 12.78 12777.66 
567.00 
 
27.62 341.59 27.51 341.72 0.00 16.49 16491.88 
568.00 
 
27.73 341.43 27.66 341.52 0.00 11.20 11203.27 
569.00 
 
27.54 341.92 27.38 342.16 0.00 27.76 27762.36 
570.00 
 
27.58 341.86 27.37 342.15 0.01 35.42 35415.78 
571.00 
 
27.92 341.54 27.69 341.79 0.01 33.32 33322.24 
572.00 
 
27.68 341.61 27.62 341.66 0.00 7.46 7458.78 
573.00 
 
27.71 341.62 27.53 341.79 0.00 24.79 24790.90 
574.00 
 
27.70 341.64 27.52 341.83 0.00 26.35 26354.72 
575.00 
 
27.66 341.79 27.59 341.86 0.00 9.88 9878.42 
576.00 
 
27.70 341.82 27.62 341.89 0.00 11.11 11112.71 
577.00 
 
27.65 341.86 27.54 341.96 0.00 15.22 15218.39 
578.00 
 
27.68 341.86 27.50 342.04 0.00 24.70 24699.27 
579.00 
 
27.74 341.76 27.64 341.87 0.00 14.42 14422.32 
580.00 
 
27.89 341.51 27.80 341.60 0.00 13.00 13003.34 
581.00 
 
27.92 341.51 27.83 341.58 0.00 11.98 11975.18 
582.00 
 
27.86 341.56 27.80 341.63 0.00 9.48 9481.01 
583.00 
 
27.71 341.90 27.51 342.09 0.00 28.02 28019.68 
584.00 
 
27.58 342.04 27.47 342.18 0.00 17.52 17520.20 
585.00 
 
27.83 341.76 27.73 341.86 0.00 13.71 13712.02 
586.00 
 
27.82 341.79 27.75 341.86 0.00 10.27 10273.46 
587.00 
 
27.81 341.86 27.73 341.95 0.00 11.22 11218.93 
588.00 
 
27.93 341.88 27.64 342.11 0.01 37.42 37419.54 
589.00 
 
27.71 342.08 27.62 342.15 0.00 11.11 11112.54 
590.00 
 
27.99 341.64 27.95 341.69 0.00 6.66 6659.47 
591.00 
 
28.01 341.64 27.97 341.68 0.00 5.64 5636.50 
592.00 
 





28.04 341.66 28.01 341.70 0.00 4.89 4893.90 
594.00 
 
28.03 341.57 27.96 341.62 0.00 8.57 8570.26 
595.00 
 
28.21 341.37 28.07 341.52 0.00 20.03 20026.75 
596.00 
 
28.31 341.59 28.26 341.63 0.00 6.46 6460.12 
597.00 
 
28.65 341.13 28.11 341.70 0.01 77.52 77523.85 
598.00 
 
28.16 341.46 28.10 341.53 0.00 8.76 8764.96 
599.00 
 
28.40 341.20 28.26 341.36 0.00 21.68 21677.34 
600.00 
 
28.42 341.22 28.37 341.28 0.00 7.68 7679.28 
601.00 
 
28.51 341.14 28.47 341.18 0.00 5.58 5578.42 
602.00 
 
28.54 341.40 28.52 341.43 0.00 3.84 3837.10 
603.00 
 
27.97 341.41 27.92 341.44 0.00 5.77 5766.93 
604.00 
 
27.95 341.40 27.91 341.43 0.00 5.34 5340.27 
605.00 
 
27.97 341.28 27.92 341.36 0.00 8.77 8767.23 
606.00 
 
27.90 341.17 27.84 341.25 0.00 9.10 9098.99 
607.00 
 
27.81 341.09 27.74 341.17 0.00 10.19 10187.91 
608.00 
 
28.48 340.85 28.43 340.93 0.00 9.50 9497.20 
609.00 
 
28.31 340.90 28.28 340.95 0.00 6.31 6311.35 
610.00 
 
28.03 340.89 28.00 340.94 0.00 5.95 5950.23 
611.00 
 
27.98 341.89 27.95 341.92 0.00 4.23 4227.72 
612.00 
 
28.07 342.00 28.03 342.03 0.00 5.07 5066.63 
613.00 
 
28.10 342.00 28.05 342.03 0.00 5.51 5514.43 
614.00 
 
28.30 341.86 28.08 342.02 0.00 27.60 27601.41 
615.00 
 
28.17 341.96 28.06 342.04 0.00 13.56 13557.70 
616.00 
 
28.37 341.90 28.10 342.09 0.01 33.11 33107.06 
617.00 
 
28.25 342.04 28.12 342.11 0.00 15.40 15404.48 
618.00 
 
28.26 342.08 28.19 342.12 0.00 8.08 8079.43 
619.00 
 
28.42 341.97 28.34 342.03 0.00 10.12 10123.74 
620.00 
 
28.53 341.87 28.48 341.90 0.00 6.20 6200.40 
621.00 
 
28.30 341.82 28.28 341.84 0.00 3.23 3230.03 
622.00 
 
28.21 341.85 28.14 341.90 0.00 8.74 8737.23 
623.00 
 
28.14 341.85 28.09 341.89 0.00 6.74 6742.83 
624.00 
 
28.26 341.81 28.23 341.83 0.00 4.14 4138.83 
625.00 
 
28.14 341.82 28.11 341.85 0.00 4.22 4224.96 
626.00 
 
28.64 341.67 28.57 341.74 0.00 9.54 9539.45 
627.00 
 
28.72 341.72 28.64 341.80 0.00 11.24 11240.85 
628.00 
 
28.76 341.66 28.70 341.73 0.00 9.44 9443.15 
629.00 
 
28.85 341.58 28.76 341.69 0.00 13.93 13929.08 
630.00 
 
28.80 341.63 28.77 341.67 0.00 5.23 5232.46 
631.00 
 
28.81 341.56 28.76 341.62 0.00 7.66 7664.31 
632.00 
 
28.77 341.58 28.73 341.62 0.00 5.93 5934.25 
633.00 
 
28.75 341.54 28.70 341.58 0.00 6.03 6026.57 
634.00 
 
28.71 341.49 28.63 341.58 0.00 12.20 12202.95 
635.00 
 
28.70 341.44 28.65 341.52 0.00 9.42 9418.69 
636.00 
 
28.64 341.47 28.58 341.57 0.00 11.17 11168.67 
637.00 
 
28.76 341.31 28.73 341.35 0.00 5.24 5235.22 
638.00 
 
28.82 341.33 28.76 341.42 0.00 10.44 10442.62 
639.00 
 
28.83 341.38 28.78 341.44 0.00 7.67 7667.21 
640.00 
 
28.92 341.24 28.86 341.30 0.00 8.42 8423.44 
641.00 
 
28.92 341.26 28.86 341.34 0.00 9.40 9395.21 
642.00 
 





28.91 341.18 28.88 341.22 0.00 4.87 4870.78 
644.00 
 
28.98 341.25 28.95 341.28 0.00 3.92 3921.51 
645.00 
 
29.03 341.40 29.00 341.45 0.00 5.23 5226.61 
646.00 
 
29.08 341.16 29.05 341.20 0.00 4.87 4866.03 
647.00 
 
29.15 341.15 29.06 341.26 0.00 13.91 13907.57 
648.00 
 
29.22 341.14 29.11 341.29 0.00 18.07 18066.47 
649.00 
 
29.28 341.06 29.25 341.12 0.00 7.04 7038.46 
650.00 
 
29.39 340.93 29.30 341.05 0.00 14.93 14927.59 
651.00 
 
29.41 340.91 29.33 341.02 0.00 12.86 12856.17 
652.00 
 
29.34 341.06 29.32 341.11 0.00 4.91 4913.71 
653.00 
 
29.31 341.13 29.23 341.23 0.00 12.15 12151.28 
654.00 
 
29.20 341.27 29.14 341.35 0.00 10.08 10080.94 
655.00 
 
29.48 341.00 29.35 341.16 0.00 20.47 20470.34 
656.00 
 
29.34 341.18 29.27 341.29 0.00 12.92 12917.54 
657.00 
 
29.24 341.31 29.17 341.41 0.00 11.82 11818.51 
658.00 
 
29.24 341.28 29.02 341.55 0.01 34.43 34429.58 
659.00 
 
28.89 341.63 28.85 341.67 0.00 6.32 6318.04 
660.00 
 
28.91 341.67 28.87 341.70 0.00 4.91 4913.62 
661.00 
 
28.83 341.71 28.80 341.74 0.00 4.21 4212.95 
662.00 
 
28.90 341.73 28.85 341.79 0.00 6.96 6962.13 
663.00 
 
29.00 341.59 28.94 341.65 0.00 8.42 8420.45 
664.00 
 
28.98 341.68 28.84 341.83 0.00 20.59 20592.61 
665.00 
 
29.22 341.40 29.09 341.55 0.00 19.82 19823.24 
666.00 
 
29.63 340.94 29.30 341.32 0.01 48.99 48986.13 
667.00 
 
28.35 342.17 28.30 342.19 0.00 5.77 5770.10 
668.00 
 
28.41 342.13 28.37 342.15 0.00 5.10 5103.48 
669.00 
 
28.62 342.02 28.54 342.07 0.00 9.87 9870.44 
670.00 
 
28.91 341.85 28.70 342.03 0.00 28.44 28441.17 
671.00 
 
28.77 342.03 28.71 342.07 0.00 8.03 8031.50 
672.00 
 
29.00 341.84 28.91 341.92 0.00 11.93 11929.84 
673.00 
 
29.09 341.71 29.00 341.83 0.00 15.29 15294.56 
674.00 
 
29.36 341.41 29.25 341.52 0.00 16.12 16116.61 
675.00 
 
29.20 341.70 29.11 341.80 0.00 12.87 12872.24 
676.00 
 
29.09 341.81 29.02 341.90 0.00 11.47 11472.26 
677.00 
 
28.69 342.13 28.62 342.18 0.00 8.49 8489.09 
678.00 
 
28.72 342.14 28.66 342.19 0.00 8.55 8550.28 
679.00 
 
28.86 342.08 28.79 342.13 0.00 8.03 8029.74 
680.00 
 
28.94 342.05 28.85 342.12 0.00 11.50 11500.83 
681.00 
 
29.07 341.99 28.89 342.13 0.00 23.00 22995.69 
682.00 
 
29.09 342.04 28.82 342.20 0.01 31.91 31914.15 
683.00 
 
29.23 341.83 29.16 341.89 0.00 8.82 8817.27 
684.00 
 
28.70 342.29 28.62 342.33 0.00 9.05 9051.18 
685.00 
 
28.65 342.25 28.56 342.31 0.00 11.01 11014.70 
686.00 
 
28.57 342.27 28.50 342.31 0.00 8.08 8075.60 
687.00 
 
29.37 341.75 29.30 341.82 0.00 10.51 10509.50 
688.00 
 
29.49 341.71 29.45 341.74 0.00 5.50 5495.69 
689.00 
 
29.45 341.75 29.38 341.82 0.00 9.81 9805.44 
690.00 
 
29.39 341.83 29.35 341.85 0.00 4.35 4354.58 
691.00 
 
29.35 341.83 29.01 342.18 0.01 48.68 48679.81 
692.00 
 





29.62 341.66 29.52 341.75 0.00 12.71 12714.75 
694.00 
 
29.70 341.67 29.56 341.81 0.00 19.59 19592.92 
695.00 
 
29.83 341.66 29.60 341.87 0.01 31.00 31004.57 
696.00 
 
29.25 342.00 29.17 342.09 0.00 11.92 11917.06 
697.00 
 
29.36 341.99 29.30 342.05 0.00 9.11 9108.43 
698.00 
 
29.35 342.04 29.27 342.12 0.00 11.21 11211.20 
699.00 
 
29.40 342.03 29.36 342.07 0.00 5.60 5603.94 
700.00 
 
29.41 342.10 29.28 342.20 0.00 16.53 16532.18 
701.00 
 
29.48 342.11 29.38 342.18 0.00 12.62 12616.16 
702.00 
 
29.20 342.25 29.10 342.33 0.00 12.63 12626.53 
703.00 
 
29.48 341.89 29.42 341.94 0.00 8.11 8108.83 
704.00 
 
30.44 341.37 29.48 342.25 0.02 129.48 129484.57 
705.00 
 
29.90 341.68 29.81 341.76 0.00 12.29 12288.08 
706.00 
 
29.51 342.19 29.45 342.23 0.00 7.33 7327.45 
707.00 
 
29.74 341.50 29.67 341.57 0.00 9.79 9793.32 
708.00 
 
30.26 340.97 29.48 341.70 0.02 105.70 105695.23 
709.00 
 
29.96 341.12 29.70 341.36 0.01 35.47 35470.20 
710.00 
 
29.86 341.14 29.76 341.25 0.00 14.29 14288.66 
711.00 
 
29.75 341.23 29.65 341.33 0.00 13.99 13991.05 
712.00 
 
29.75 341.16 29.55 341.38 0.00 29.17 29168.71 
713.00 
 
29.72 341.10 29.38 341.47 0.01 49.53 49525.09 
714.00 
 
30.27 340.55 29.46 341.28 0.02 108.59 108586.57 
715.00 
 
29.47 341.24 29.35 341.37 0.00 17.43 17427.87 
716.00 
 
29.08 340.14 28.87 340.30 0.00 27.35 27352.71 
717.00 
 
28.93 340.26 28.87 340.31 0.00 8.28 8277.29 
718.00 
 
29.02 340.10 28.90 340.13 0.00 12.88 12883.73 
719.00 
 
28.91 340.24 28.85 340.29 0.00 8.28 8277.79 
720.00 
 
28.83 340.31 28.77 340.35 0.00 7.15 7148.24 
721.00 
 
28.73 340.38 28.70 340.40 0.00 4.36 4362.34 
722.00 
 
28.67 340.44 28.64 340.48 0.00 4.18 4182.96 
723.00 
 
28.70 340.47 28.63 340.56 0.00 10.45 10449.71 
724.00 
 
29.22 340.14 29.12 340.20 0.00 11.69 11688.73 
725.00 
 
29.30 340.06 29.20 340.13 0.00 12.62 12623.02 
726.00 
 
28.94 340.40 28.83 340.51 0.00 15.75 15751.44 
727.00 
 
29.07 340.30 28.97 340.37 0.00 12.38 12384.07 
728.00 
 
29.16 340.26 28.94 340.43 0.00 28.74 28738.67 
729.00 
 
29.25 340.20 29.20 340.23 0.00 5.96 5961.40 
730.00 
 
29.23 340.31 29.15 340.37 0.00 10.10 10100.04 
731.00 
 
29.13 340.39 29.07 340.45 0.00 8.42 8415.85 
732.00 
 
29.13 340.42 28.99 340.55 0.00 19.05 19045.35 
733.00 
 
28.93 340.57 28.87 340.66 0.00 11.15 11149.41 
734.00 
 
29.11 340.49 29.06 340.53 0.00 6.02 6018.69 
735.00 
 
29.70 339.97 29.00 340.63 0.02 95.59 95589.12 
736.00 
 
29.17 340.49 29.07 340.60 0.00 14.65 14649.15 
737.00 
 
29.16 340.54 29.12 340.58 0.00 5.75 5746.15 
738.00 
 
29.19 340.55 29.12 340.61 0.00 8.82 8818.62 
739.00 
 
29.21 340.58 29.12 340.68 0.00 13.57 13570.38 
740.00 
 
29.26 340.56 29.15 340.67 0.00 15.03 15028.55 
741.00 
 
29.27 340.58 29.14 340.70 0.00 17.53 17525.46 
742.00 
 





29.37 340.57 29.31 340.63 0.00 8.02 8016.85 
744.00 
 
29.47 340.52 29.43 340.57 0.00 5.90 5900.54 
745.00 
 
28.95 340.77 28.92 340.82 0.00 5.73 5729.08 
746.00 
 
29.03 340.76 28.95 340.87 0.00 13.22 13216.83 
747.00 
 
29.06 340.77 29.00 340.86 0.00 10.45 10452.26 
748.00 
 
29.12 340.77 29.06 340.87 0.00 11.20 11196.63 
749.00 
 
29.67 340.26 29.58 340.33 0.00 11.92 11916.25 
750.00 
 
29.70 340.18 29.59 340.30 0.00 15.70 15698.36 
751.00 
 
29.62 340.25 29.57 340.30 0.00 7.00 6998.52 
752.00 
 
29.66 340.19 29.62 340.24 0.00 6.30 6297.52 
753.00 
 
29.66 340.18 29.57 340.27 0.00 12.60 12596.53 
754.00 
 
29.78 340.09 29.70 340.15 0.00 10.08 10083.68 
755.00 
 
29.94 340.05 29.82 340.13 0.00 14.43 14427.27 
756.00 
 
30.00 339.95 29.77 340.12 0.00 28.16 28162.57 
757.00 
 
29.94 339.95 29.85 340.02 0.00 11.91 11906.93 
758.00 
 
29.36 340.73 29.27 340.83 0.00 13.56 13560.26 
759.00 
 
29.41 340.70 29.32 340.80 0.00 12.92 12917.01 
760.00 
 
29.44 340.73 29.34 340.83 0.00 14.32 14315.74 
761.00 
 
29.49 340.72 29.37 340.86 0.00 18.07 18069.97 
762.00 
 
29.50 340.75 29.41 340.85 0.00 12.91 12911.48 
763.00 
 
29.56 340.72 29.44 340.84 0.00 16.80 16803.24 
764.00 
 
29.61 340.73 29.45 340.90 0.00 23.33 23329.54 
765.00 
 
29.65 340.74 29.58 340.80 0.00 9.92 9918.75 
766.00 
 
29.86 340.51 29.64 340.72 0.00 30.18 30179.81 
767.00 
 
30.01 340.35 29.78 340.56 0.01 30.29 30285.11 
768.00 
 
29.62 340.60 29.51 340.67 0.00 13.28 13279.68 
769.00 
 
29.68 340.54 29.62 340.59 0.00 7.82 7824.85 
770.00 
 
29.63 340.58 29.57 340.62 0.00 6.64 6639.34 
771.00 
 
29.65 340.55 29.48 340.68 0.00 21.82 21823.38 
772.00 
 
29.75 340.40 29.65 340.50 0.00 13.69 13694.30 
773.00 
 
29.72 340.41 29.63 340.49 0.00 11.74 11736.47 
774.00 
 
29.70 340.37 29.60 340.45 0.00 12.86 12864.33 
775.00 
 
29.90 340.21 29.74 340.35 0.00 20.94 20943.96 
776.00 
 
29.84 340.22 29.75 340.30 0.00 12.01 12005.76 
777.00 
 
29.83 340.20 29.75 340.28 0.00 11.59 11592.43 
778.00 
 
30.09 339.95 29.90 340.13 0.00 25.26 25260.92 
779.00 
 
30.18 339.87 29.90 340.15 0.01 39.12 39116.82 
780.00 
 
29.95 340.40 29.86 340.48 0.00 11.30 11303.25 
781.00 
 
30.02 340.30 29.71 340.57 0.01 41.31 41311.28 
782.00 
 
29.89 340.40 29.74 340.51 0.00 19.47 19470.67 
783.00 
 
29.83 340.38 29.74 340.45 0.00 11.04 11035.58 
784.00 
 
29.90 340.33 29.78 340.43 0.00 15.21 15214.79 
785.00 
 
29.94 340.20 29.89 340.24 0.00 6.63 6634.46 
786.00 
 
29.99 340.16 29.90 340.24 0.00 11.73 11725.40 
787.00 
 
29.95 340.22 29.89 340.26 0.00 7.56 7558.71 
788.00 
 
30.10 340.20 30.03 340.25 0.00 8.94 8941.30 
789.00 
 
30.48 339.58 30.13 339.96 0.01 49.97 49973.37 
790.00 
 
30.13 339.97 29.99 340.11 0.00 18.86 18858.48 
791.00 
 
30.38 339.72 30.08 340.03 0.01 42.09 42086.62 
792.00 
 






%Author: Andrew Lyda 
%Last update: 11/01/2012 
  
%Will take any excel file into matlab. 
%It will then ask for the data you want to analyze in the form of its 
%column number. The blanks or gaps in that data will be taken out and the 
%data will be sorted into descending order. 
%Cumulative Distribution is then added on and run. 
  
%plfit, plplot, and plpva are borrowed from Clauset, Shalizi, and Newman 
%(2007) 
  
[FileName, PathName, FilterIndex] = uigetfile('*.xls','*.xlsx'); 
q = input('Does your excel sheet have multiple sheets/charts?[Yes =1/No = 2]');  
if all(q == 1); 
    [status,sheets] = xlsfinfo([PathName, FileName]); 
    t =  input('Function paused. Hit return to pick what sheet you want?', 's'); 
    [s,v] = listdlg('PromptString','Pick your sheet 
here.','SelectionMode','single',... 
'ListString',sheets); 
if v == 0; 
    return 
else 
    [a,b] = xlsread([PathName,FileName], sheets{s} ); 
end 
else 
    [a,b] = xlsread([PathName,FileName]); 
end 
%Ask for the column of your excel sheet here as c 
c = input('What column of data do you want? Give the number.'); 
x = a(:,c); 
y = isnan(x); 
z = x(~y); 
data = sort(z,'descend'); 
data2 = unique(data); 
data3 = sort(data2,'descend'); 
data = data3(1:end-1); 
% %Check to see if it is a power law 
% [p, gof] = plpva(data,xmin); 
% i = input('Does your data constitute a power law? [Yes=1/No=2]'); 
% if i == 1; 
%     [alpha,xmin,L] = plfit(data); 
%     plplot(data,xmin,alpha); 
% else 
%     input('Sorry no power law. Hit return to end.','s'); 
% end 
%[alpha,xmin,L] = plfit(data, 'finite'); 
[alpha,xmin,L] = plfit(data); 
% hold on; 
%To overlay, switch to mod2 and uncomment hold 
plplot(data,xmin,alpha); 
[p, gof] = plpva(data,xmin,'reps',1000,'silent'); 
 
